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(m) Plasmid containing ON A fragment coding for human immunoglobulin G Fc region protein and use thereof for production 
of said protein. 

(g) A plaismld containing a DNA region coding for human 
Irnmunoglobulin G Fc regoin protein, a DNA region exhibit- 
ing a promoter function for controlling the expression of the 
protein, and a DNA region coding for a signal peptide; and a 
plasmid containing: (a) a DNA fragment comprising a DNA 
region coding for a human immunoglobulin G Fc region pro- 
tein, a DNA region exhibiting a promoter function for con- 
trolling the expression of the protein, and a DNA region cod- 
ing for a signal peptide and (b) a DNA fragment comprising a 
DNA region causing host cells to facilitate the extracellular 
secretion of the protein, and a DNA region exhibiting a prom- 
oter function for controlling the expression of the DNA re- 
gion; as well as microbial cells transformed with the above- 
mentioned plasmid; and a process for production of the Fc 
region protein using the above-mentioned microbial cells. 



CM 
0> 
10 

M 
CM 



a. 

Ul 



Croydon Prinltng Company Ltd. 



our Ref . : W 303 EP 
Teijin Limited 
Rikagaku Kenkyusho 

PLASMID CONTAINING DNA FRAGMENT CODING FOR 
HUMAN IMMUN06L0BDLIN G FC REGION PROTEIN AND 
USE THEREOF FOR PRODUCTION OF SAID PROTEIN 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to new re- 
combinant plasmids containing a DNA fragment coding for 
a human immunoglobulin G Fc region protein, microbial 
cells transformed with the plasmid, and a process for 
production of the human immunoglobulin G Fc region 
protein wherein the protein is transported to the 
periplasmic space or secreted out of the cells. 
2» Description of the Related Art 

An antibody is a protein present in the body- 
fluid of vertebrates and capable of specific binding to 
an antigen. Proteins with a structure ajid functions 
related to the antibody proteins are generally designated 
as immunoglobulins. These immunoglobulins (abbreviated 
as Ig hereinafter) are classified into five classes, 
i.e., IgG, IgA,^ IgM, IgE, and IgD. 

Among these immunoglobulins, IgG plays an 
importcint role in the biological defense against bacteria 
and viruses. 

Human IgG comprises two heavy chains 
(abbreviated hereinafter as H chains) and two light 
chains (abbreviated hereinafter as L chains). The 
H chain and L chain are linked via a disulfide bond, 
the two H chains are linked via several disulfide bonds. 
When a human IgG molecule is stibjected to the action of 
a protease such as papain, the molecule is cleaved at 
approximately the center thereof into three fragments; 
two fragments having an antigen-binding activity (Fab 
region protein) and the other fragment having no 
antigen-binding activity but can be easily crystallized (Fc 
region protein) . The Fab region protein comprises an 
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entire L chain and an amino terminal half of the H 
chain • The Fc region protein / on the other hand, 
comprises two fragments, each of which is a, carboxy 
terminal half of the H chain, and these fragment are ^ 
comprised of a hinge region, a Cjj2* domain and a C^3 
domain, in that order, and links to the other fragment 
via several disulfide bonds at the hinge regions. The 
Fc region has a function as an effector. 

As described above, since the XgG plays an 
important role in biological defense, and is present in 
a large amount in blood, a human IgG rich y-globulin 
fraction is obtained from human blood and used in a 
partially modified form as an immunological agent for 
administration to patients with symptoms of a serious 
nature. That is, the yglobulin-containing pharma- 
ceuticals are used as a supplement in hypogammaglobulin- 
emia, and for the prevention and treatment of viral 
diseases. Recently, it has been suggested that the 
Y-globulin preparation is effective for the treatment of 
idiopathic chroraobopenic purpura (ITP) (see, P. Imbach 
et al.. Lancet , 1, 1228, 1981); and especially, it was 
suggested that the Fc region is important in the above- 
mentioned application (see, Boku et al, , Rinsho Meneki j^ 
15 , 76, 19 83) . Moreover, immune omp lex es deposited on 
glomerulum in the case of systemic lupus erythematosus 
OLE) were reported to be dissolved by adding human IgG 
Fc region protein (see, Kawasumi , Rinsho Meneki 16, 
240, 1984) . 

Nevertheless, although the y-globulin prepara- 
tions and the Fc region protein derived therefrom are 
useful as therapeutic agents for autoimmune diseases 
such as XTP and SLE, as mentioned above, such immuno- 
logical preparations have certain disadvantages • For 
example, since the preparations are prepared from human 
blood, which is difficult to obtain in a large amount as 
one lot, many lots of blood must be pooled to obtain a 
substantial amount of the preparation. This gives rise 
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to -the problem of a diversity in the quality of the 
preparations, and a higher risk of viral contamination. 

Therefore / it is much more desirable to 
produce the human immunoglobulin G Fc region protein by 
5 gene technology. The human IgG H chain is classified 
into four subclasses, i.e*, chain, y^^ chain, 
chain, and y^ chain. Among these subclasses, for the 
Y2 Y4 chains, U. Krav/inkel et al. , EMBO J. If 

403 (1982) disclose a partial nucleotide sequence of a 

10 Y2 chain gene and a y^ chain gene; and for the y^^ 

chain, J.W. Ellison et al.. Nucleic Acids Res. 10, 4071 
(1982) disclose a partial nucleotide sequence of a y^ 
chain gene. However, such reports do not disclose a DNA 
fragment capable of expressing a human IgG H chain gene. 

15 In many kinds of microorganisms including 

Escherichia coli , cytoplasm is enveloped by an inner 
membrane and an outer membrane, and a space called the 
periplasmic space is formed between these two membranes • 
In most case wherein a desired polypeptide is produced 

20 by gene technology, the polypeptide produced in a host 

cell accumulates in the cytoplasm because the polypeptide 
cannot pass through the inner membrane. In limited 
cases, the expressed polypeptide is transported through 
the inner membrane and accumulates in the periplasmic 

25 space; and in more limited cases, the polypeptide is 
esftf acellularly secreted. 

In the production of a desired polypeptide , 
the accumulation of the polypeptide in the cytoplasm has 
many disadvantages. For example, a feedback mechanism 

30 would repress the j>roduction of the desired polypeptide; 
when a desired polypeptide is toxic to host cells ^ the 
polypeptide accumulated in the cytoplasm would adverselv 
affect the host cell; and if a desired product is 
susceptable to an intracellular protease, the product 

35 would be hydrolyzed by the protease. Moreover, even if 
these adverse conditions do not exist, the product 
cannot acciamulate in the host, cell in a volume more than 
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ported through the cell membrane i in the case of E, coli^ 
the inner membrane. In such a case, the protein should 
accumulate in the periplasmic space. 

Recently^ several of the present inventors, - 
5 usijng the plasmid vector pMB9 (R.L. Rodriguez et al.. 

Molecular Mechanisms in the Control of Gene Expression, 
ICN-UCLA, Symp. Mol. Cell Biol., ed. D.P. Nierlich et 
al., V, 471, Academic Press Inc., New York, 1976), 
successfully cloned a penicillinase gene derived from 

10 chromosomal DNA of alkalophilic Bacillus No. 170 in 

E. coli (T* Kudo et al- , J. Bacteriol. , 156 , 949, 1983). 
This penicillinase gene contained a promoter region, a 
signal peptide-coding region, and a region coding for a 
mature penicillinase protein. 

When the above-mentioned E. coli was cultured, 
the penicillinase protein was observed to be extra- 
cellular ly secreted, revealing that, by activating the 
Kil gene which has no promoter in itself and is present 
on the plasmid pMB9, by a promoter region (Ex promoter) 

20 present near the penicillinase gene in the DNA fragment 
derived from the alkalophilic Bacillus No. 170,. the 
permeability of E. coli outer membrane was increased 
(Horikoshi,' Gendai KacrakU i> 176 , 56, 1985), 

Note, the above-mentioned alkalophilic Bacillus 

25 strain No. 170 was deposited with the Fermentation 

R^s6arch Institute, Agency of Industrial Science and 
Technology (1-3, Higashi 1-chome, Yatabe-cho, Tsukuba- 
gun, Ibaraki-ken, Japan) under the Budapest Treaty as 
FERM BP-469. 

30 SUMMARY OF THE INVENTION 

On the basis of the above-mentioned finding, the 
present inventors successfully constructed plasmids 
which can transport human immunogrobulin G Fc region 
proteins into the periplasmic space in E. coli cells, 

35 and plasmid which can extracellular ly secrete such 

proteins • Ihey found that a major portion of the human 
immunoglobulin G Fc region protein thus secreted was a 
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the volume of the host cell. Moreover, since the host 
cell can produce many kinds of proteins other than a 
desired product, during a purification process for the 
desired product, it is very difficult to isolate the - 
desired product from^the undesirable proteins* 

If a desired product is transported to the 
periplasmic space, the feedback mechanism would not be 
triggered by the accumulation of the product, and the 
toxic action of the product against the host cell would 
be reduced. Moreover, the desired product may be 
purified and isolated relatively easily^ because the 
product accumulated in the periplasmic space can be 
released by a means such as osmotic shock, which does 
not release cellular components present in the cytoplasm. 

If a desired product is extracellularly 
secreted, in addition to the above-mentioned advantages, 
the desired product may be produced without limitation , 
because the product is diluted in a cultured broth 
having a volume far greater than the total volume of the 
producer cells. Moreover, since the product acctimulates 
in a supernatant, it is very easy to purify and isolate 
the product at a reduced cost during industrial pro- 
duction thereof. 

Generally, secretory proteins are produced in a 
form wherein the protein has at the amino terminal 
threfeof an additional peptide consisting of about 20 to 
40 amino acids. This p^rtide is called the signal peptide or signal 
sequence. 13ie protein having a signal peptide is thoi trajasported 
through the cell membrane. During this process the 
signal peptide Is clipped off by a signal peptidase providing 
the secretion of the protein having no signal peptide. 
Since it is believed that this mechanism for the trans- 
portation of the protein is f\indamentally common through- 
out higher organisms and lower orgauiisms, including 
microorganisms such as E. coli , it is expected that, by 
attaching a signal peptide to a protein which cannot be 
secreted in its native form, the protein can be trans- 
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dlmer consisting of two polypeptide chains linked via 
disulfide bonds. 

Therefore r the present invention provides plasmids 
containing a DNA region coding for a himan immunoglobulin 
G Fc region protein, a DNA region exhibiting a promoter 
function for controlling expression of the protein, and 
a DNA region coding for a signal peptide. 

The present invention also provides microbial cells 
transformed with the above-mentioned plasmids. 

The present invention further provides a process 
for production of hximan immunoglobulin G Fc region 
protein comprising culturing the transformed micro- 
bial cells until the protein accumulates in the peri- 
plasmic space, and recovering the human immunoglobulin G 
15 Fc region protein from the periplasmic space. 

Moreover, the present invention provides plasmids 
containing t 

(a) a DNA fragment comprising a DNA region 
coding for a human immunoglobulin G Fc region protein, a 
DNA region exhibiting promoter function for controlling 
expression of the protein, and a DNA region coding for a 
signal peptide; and 

(b) a DNA fragment comprising a DNA region 
causing host cells to facilitate extracellular secretion 

25 of said protein,, and a DNA region exhibiting a promoter 
function for controlling expression of the DNA region. 

The present invention also provides microbial cells 
transformed with the above-mentioned plasmid. 

The present invention further provides a process 
for production of human immunoglobulin G Fc region 
protein comprising culturing the transformed micro- 
bial cells until the protein accumulates outside the 
cells , and recovering the human immunoglobulin G Fc 
region protein from the culture broth • 
35 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 represents a part of a nucleotide sequence 
in plasmid pPS-FC which can express a human immune- 
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globulin G Fc region protein and whlcii can transport the protein 
into the periplasniic space, and a corresponding amino 
acid sequence of alkalophilic Bacillus No» 170 penicilli- 
nase signal peptide and the Fc region protein, whereia 
an amino acid sequence frcm the first Met to 31st Ser forms 
the signal peptide and the amino acid sequence from the 32nd 
Thr to 254th Lys forms the Fc region protein; 

Fig. 2 represents a nucleotide sequence of a Kil 
gene present in plasmid pMB9; 

Fig* 3 represents a nucleotide sequence of an Ex 
promoter region present in the chromosomal DNA of alkalo- 
philic Bacillus No. 170? 

Fig- 4 represents a restriction enzyme cleavage 
map (A) of a phage clone containing a human immuno- 
globulin G gene, and restriction enzyme cleavage maps 
(B) and (C) of sub-clones pTJlB and pTJ5 containing an 
Fc region gene; 

Fig. 5 represents a process for construction of 
plasmid pFC70 containing a Cjj3 domain gene; 

Fig*. 6 represents a process for construction of 
plasmid pFC77 containing a Cjj2-Cjj3 domain gene; 

Figs. 7, and 9 represent processes for the 
construction of Fc region gene intracellular accximulation 
type plasmids pFC203r pFC211, and pFC362r respectively; 

Fig. 10 represents a process for isolation and 
pxxrif ication of plasmid DNA from E. coli cells; 

Fig* 11 represents a process for cloning penicilli- 
nase gene of alkalophilic Bacillus No, 170; 

Figs. 12 r 13 r 14, and 15 represent a process for 
the construction of plasmids pEAP3, pEAP6, pEAP7, 
pHAP7AH, pEAP7ACCH, pEAP7ACH,. pEAP8 and p329EXK, all 
containing a DNA region carrying information relating to 
an extracellular secretion of the expression product; 

Fig. 16 represents a process for construction of 
plasmid pCM71 containing a chloramphenicol acetyl 
transferase gene; 

Figs. 17 and 18 represent a process for construction 
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of plaemids pPSl, pPSlAH, and p329P8/ all containing a 
promoter region and signal peptide region of the penicilli- 
nase gene; 

Pig. 19 represents a process for construction of- 
5 plasmids pSEC-FC and pSEC-FCC containing an Pc region 
gene having a joint for linking with a signal peptide 
region; 

Fig. 20 represents a process for construction of 
plasmid pPS-FC which can express the Pc region gene and 

10 transport the expressed product to the periplasm space; 

Pigs. 21 and 22 represent processes for construction 
of plasmids pEXPClO and pEXFClOO respectively, which can 
express an Fc region gene and extracellularly secrete 
the expressed product; 

15 Pig. 23 represents a result of the secretion of 

expressed products from various transf ormants ; and 

Fig. 24 represents a result of electrophoresis for 
confirming a dimer structure of the Fc region protein 
expressed by the present plasmid. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the first embodiment of the present invention^ 
the present plasmid contains a DNA region coding for a 
human immunoglobulin G Fc region protein , a DNA region 
exhibiting a promoter function for controlling expression 

25 of the above-mentioned protein, and a DNA region coding 
for 'a signal peptide* 

In a preferred embodiment , the DNA region coding 
for the human immunoglobulin G Fc region protein is 
derived from cells producing human immunoglobulin G, for 

30 example,, human lymphoma cell line ARH77, and the DNA 

region exhibiting the promoter function for controlling 
the expression of the peptide and the DNA region coding 
for the signal peptide are derived from i±iB chrcnoscnal DNA 
of alkalophilic Bacillus No. 170 • 

35 In the second embodiment, the present plasmid 

contains, in addition to the above-mentioned DNA regions 
of the first embodiment, a DNA region causing host cells 
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to facilitate extracellular secretion of the expressed 
protein, and a DNA region exhibiting a promoter function 
for controlling the expression of said DNA region. 

In a preferred embodiment, the DNA region causing, 
5 host cells to facilitate the extracellular secretion of 
the expressed protein is derived from plasmid mPB9, and 
the DNA region exhibiting the promoter function for 
controlling the expression of said DNA, is derived from the 
chromosomal DNA of alkalophilic Bacillus No. 170. 
10 A* Cloning of human immunoglobulin G Gene 

(a) Preparation of a hxaman chromosomal DNA and a 
gene library 

Cells producing human IgG, ,for example, 
hui&an lymphoma cell line ARH77 (see K.H. Burk et al, j. 

15 Cancer Res, 38, 2508, 1978), are cultured under appropi^i- 
ate conditions, for example^ at a temperature of 37**C 
and at a carbon dioxide concentration of 5%, and the 
resulting cells are collected by centrifugation . The 
cells are lysed with a protease such as protease K in 

20 the presence of a detergent such as sodium dodecyl 

sulfate (SDS) • The lysate is extracted by, for example, 
phenol, to eliminate proteins, and the human chromosomal 
DNA is obtained. 

The chromosomal DNA thus obtained .is then 

25 digested with a restriction enzyme such as Eco RI to 

obtain DNA fragments, which are then ligated to a phage 
vector such as Charon 4A vector (F.R- Blattner et al.. 
Science, 196 , 161, 1977), and the ligation products are 
stibjected to in vitro packaging (A. Becker et al., Proc. 
Natl. Aca d, Sci. USA , 72, 581, 1975) to obtain a human 
gene library. If a restriction enzyme other than Eco RI 
is used, or another phage vector with no Eco RI site as 
a cloning site is used, an appropriate linker DNA may be 
used to prepare the gene library. 

32 (b) Preparation of restriction enzyme cleavage 

map of subclone 

The phages in the gene library are trans- 
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fected into a host such as E, coli LE 392 (ATCC 33572) 

to form plaques / which are then screened by plague 

hybridization (W.P. Benton et al» Science , 196 / 180, 

1977) to select the desired clones. The probe used far 

5 the screening is, for example, the human immunoglobulin 

H chain J region (which is a part of the Fab region and 

is present between a variable region having an antigen 

binding activity and a constant region having an effector 

32 

function) gene labeled P according to nick translation 

10 (P.W.J. Rigby et al. J. Mol. Biol. 113 , 237, 1977), or a 

synthetic oligonucleotide predicted to correspond to a 

part of an eonino acid sequence of the human IgG Pc 

32 

region protein, and labeled with P as above-mentioned. 

For the DNA fragment of clones positive 
15 in the above-mentioned plaque hybridization, restriction 
enzyme cleavage site maps are prepared and DNA fragments 
derived from human chromosomes are subcloned to a 
plasmid vector such as pBR322 (F. Bolivar et al. Gene , 
2r 95/ 1977) • 

20 Insert DNA of the resulting subclones is 

sequenced according to the Maxean-Gilbert method (A.M- 
Mcixam et al.| Methods Enzymol. 65 , 499, 1980) , or the didecDcy 
chain termination method using M13 =^hage (J. Messing et 
al. Nucleic Acids Res. 9^, 309, 1981) and the like, to 

25 confirm the presence of the human IgG Fc region gene, 

' ' Figs, 1-1 to 1-4 represent an example of 

a DNA sequence and a corresponding amino acid sequence 
of a human dLmmunoglobulin G Fc region protein. 

(c) .Preparation of DNA fragment 

30 Since the human IgG Fc region protein 

gene thus obtained is of human chromosome origin, it 
contains introns and,, therefore, cannot be expressed in 
microorganisms. Therefore, the Fc region gene is 
cleaved with appropriate restriction enzymes to eliminate 

35 entirely the intron regions. If a part of the exon is 
deleted by the cleavage with the restriction enzymes,, a 
chemically synthesized linker is used to repair the 
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deleted part and txj link adjacent exons. Similarly, by 
using synthetic oligonucleotides, more than one trans- 
lation stop codon in tandem (TGA, TAG or TAA) can be 
attached, in reading frame with the Fc region gene at - 
the 3 '-end thereof, to enhance the efficiency of gene 
expression. The thus-obtained Fc region gene without 
any introns can be joined to a translation start codon 
upstream of and in reading frame with the gene. More- 
over, the Fc region gene can be linked downstream from 
an appropriate promoter and Shine-Dalgarno (SD) sequence 
to form an expression gene. Useful promoters include the 
tryptophan operon promoter (trp promoter) , lactose 
ope ron promoter (lac promoter) , tac promoter, P 
promoter, Ipp promoter, and the like. The trp promoter 
and tac promoter are especially preferable. For effici- 
ent expression of the Fc region gene, the Fc region gene 
is preferably linked to a promoter, SD sequence, and a 
translation start codon positioned upstream, thereof , and 
to translation stop codons positioned downstream thereof. 
Most preferably, a promoter, an SD sequence, a trans- 
lation start codon, an Fc region gene, and translation 
stop codons are linked, in this order. 

(d) - Construction of recombinant plasmids and 
recombinant microorganisms 

The expression plasmid can be constructed 
by inserting the expression-type human IgG Fc region 
gene into an appropriate plasmid vector such as pBR322. 
The expression plasmids according to the present inven- 
tion preferably include pFC203, pFC211, pFC361, and 
PFC362. 

B- Clonincr of penicillinase gene of alkalop hi 1 ir^ 
Bacillus No. 170 

Alkalophilic Bacillus No. 170 (FRM BP-467) is 
cultured under appropriate conditions, such as at SCC 
with shaking, and cultiired cells are collected by, for 
example, centrifugation. The cells thus prepared are 
extracted in a ccnventional manner by, for exan^jle, a piienol 
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extraction method to obtain chromosomal DNA* 

the DNA thus obtained is partially digested 
with an appropriate restriction enzyme, such as Eco Ri^ 
and the DNA fragment is inserted into the Eco RI rests^ic- 
tion site of, for example, plasmid pMB9 to obtain a 
recombinant plasmid containing an DNA insert derived 
from chromosomal DNA of alkalophilic Bacillus No. 170, 
The recombinant plasmid is inserted into, for example, 
E> coli HBlOl (ATCC 33694) , in a known manner, for 
example, by the CaCl2 method (M.V. Norgard et al.. Gene, 
_3, 279 (1978) , and the trans foinnants are screened for 
ampicillin and tetracycline resistance to obtain a 
recombinant plasmid containing a DNA region carrying 
information responsible for the extracellular secretion 
of penicillinase, for example, plasmid pEAPl, 

The plasmid thus obtained is then sequenced 
according to, for example, the above-mentioned Maxam- 
Gilbert method or the dideoxy chain termination method 
using M13 phage, to clarify the structures of the 
penicillinase gene promoter region, signal peptide 
region, mature peptide coding region, and Ex promoter 
region responsible for the extracellular excretion of 
penicillinase, all derived from chromosomal DNA of 
alkalophilic Bacillus No. 170, as well as a Kil gene 
derived from plasmid pMB9. Figure 1 represents a 
nucleotide sequence including a penicillinase gene 
promoter region, and signal peptide coding region and a 
corresponding amino acid sequence. Figure 2 represents 
a nucleotide sequence of the Kil gene derived from 
plasmid pMB9. Figure 3 represents a nucleotide sequence 
of an Ex promoter derived from alkalophilic Bacillus 
No. 17 0 and a corresponding amino acid sequence. 

Starting from the recombinant plasmid contain- 
ing a penicillinase gene and a DNA region carrying 
information responsible for the extracellular secretion 
of penicillinase, recombinant plasmids containing an 
entire DNA region carrying information responsible for 
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the extracellular secretion^ which region comprises the 
Ex promoter region derived from alkalophilic Bacillus 
No. 17 0 and the Kil gene derived from plasmid pMB9 as 
well as a part of or the entire penicillinase region a-re 
5 obtained/ according to a method using spontaneous 

deletion or an artificial method using modification by 
enzymes such as SI nuclease, DNA polymerase, and the 
like, and synthetic oligonucleotide. Such plasmids 
preferably include plasmids pEAP3 , pEAPe, pEAP7, pEAPTAH,. 

10 pEAPVACCH, pEAPTACH, pEAPS, and p329EXK. 

Moreover , the above-mentioned recombinant 
plasmid containing a penicillinase gene and a DNA region 
carrying information responsible for the extracellular 
secretion of penicilinase is digested with an appropriate 

15 restriction enzyme to obtain a DNA fragment containing a 
promoter region and signal peptide region of penicillin- 
ase gene. This DNA fragment is cloned, if necessary via 
a synthetic oligonucleotide linker, into an appropriate 
plasmid vector, for example, hybrid plasmid pCM71 

20 derived from plasmids pCMl (T.J. Close and R. Rodriguez, 
Gene , 20 , 305, 1982) and pCM7 ,(T.J. Close and R. 
Rodriguez, Gene^ 20^, 305, 1982), to obtain a plasmid 
containing a promoter region and a signal peptide region 
of the penicillinase gene. As the plasmids containing a 

25 promoter region and signal peptide region of the penicil- 
li'ncLse gene, plasmids pPSl, pPSlAH, and p329PS are 
preferably used. 

C, Construction of secretion type plasmids 

The above-prepared plasmid for intracellular 

30 accumulation of the human immunoglobulin G Fc region 

protein, such ^as pFC362, is digested with an appropriate 
restriction enzyme to delete an original promoter region 
which cannot direct the secretion of the expression 
product, and a synthetic oligonucleotide linker is 

35 inserted in the deleted region to obtain an inteirmediate 
plasmid. The linkeir is used to link an appropriate 
promoter region and signal peptide region such as the 
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penicillinase gene signal peptide region derived from 
alkalophilic Bacillus No. 170 to a human immunoglobulin 
G Pc region gene* As the intermediate plasmid/ plasmids 
pSEC-FC and pSEC-PCC are preferably used, 

Next/into the -intermediate plasmid^ a DNA 
fragment comprising an appropriate promoter region and a 
DNA fragment comprising an appropriate signal peptide 
region are inserted to obtain a plasmid wherein the 
human iimnunoglobulin G Pc region gene is linked 
downstream from the promoter region and signal peptide 
region. The above-mentioned DNA fragment comprising the 
promoter region and a DNA fragment comprising the signal 
peptide region are obtained by digesting a plasmid 
containing such a promoter region and signal peptide 
region with an appropriate restriction enzyme. 

As an origin of such a promoter region and 
signal peptide region, an E. coli 6 -lactamase gene, 

coli alkaline phosphatase gene, E. coli lipoprotein 
gene. Bacillus subtilis penicillinase gene. Bacillus 
subtilis protease gene, yeast a-f actor gene, alkalophilic 
Bacillus No- 170 penicillinase gene, alkalophilic 
Aeromonas No, 212 xylanase gene, or alkalophilic Bacillus 
No. N— 4 cellulase gene are used. Preferably, an 
alkalophilic Bacillus No» 170 penicillinase gene JLs 
used. A iplasmid wherein an appropriate promoter region, 
an appropriate signal peptide region, and a hxunan 
immunoglobulin G Fc region gene are linked, in this 
order, is most preferable. By using such a plasmid, a 
human immunoglobulin G Fc region protein can be trans- 
ported to the periplasmic space (periplasmic trans- 
portation) . As the periplasmic transportation type 
plasmid, preferably pPS-FC is used. 

Moreover, by combining the various plasmids 
described above, a plasmid containing both a DNA region 
comprising an appropriate promoter region, signal 
peptide region, and a human immunoglobulin G Fc region 
gene linked downstream from the signal peptide region. 
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and a DNA region carrying information responsible for 
the extracellular secretion and comprising an Ex promoter 
region derived from alkalophilic Bacillus No. 170 and 
Kil gene derived from pMB9 plasmid is obtained. The u-se 
5 of this plasmid makes possible the extracellular 
secretion of the human immunoglobulin G Fc region 
protein. As the extracellular secretion type plasmid, 
preferably plasraids pEXFClO and pEXFClOO are used. 

Note, according to the present invention, the 
10 above-mentioned promoter region, signal peptide region, 
human immunoglobulin G Fc region gene. Ex promoter 
region, and/or Kil gene csin be replaced by other DNA 
regions having corresponding biological functions but 
modified by a replacement of one or more nucleotides, 
15 deletion of one or more nucleotides, insertion of one or 
more nucleotides, or inversion of a nucleotide sequence, 
or other kinds of mutations . 

D . Production of human immunoglobulin G Fc region 
protein 

20 To produce the human immunoglobulin G Fc 

region protein, an intracellular acciimulation type 
plasmid, periplasmic transportation type plasmid or 
extracellular secretion type plasmid, prepared as 
described above, is used to transform an appropriate 

25 host to obtain a trans formant, and the transformant is 
tKen cultured. As a host, microorganisms belonging to 
the genus Escherichia , such as E. coli HBlOl, £. coli 
C600-r"m", E. coli DP-supF, E. coli X1776, E. coli LE392, 
and the like conventionally used in the genetic 

30 engineering field, are preferably used. E coli HBlOl 
coli C60 0R m" are particularly preferable. 

The transformant thus obtained is cultured in 
a manner known per se. The culture medium is any medium 
suitable for culturing the transformed host microorganism 

35 described above, and for the production of the hximan * 
immunoglobulin G Fc region protein. For example, M9 
medium (T. Maniatis et al.. Molecular Cloning p440. Cold 
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Spring Harbor Laboratory, New York, 1982) , LB medium 
(T. Maniatis et al.. Molecular Cloning, p440. Cold 
Spring Harbor Laboratory, New York, 1982), BPB medium 
(Difco) , Nutrient Agar medium or the like is used as a- 
basal medium. In addition to a carbon source and 
nitrogen source, if necessary, nutrients such as amino 
acids, vitamines or the like may be added to the basal 
medium. Moreover, depending on the selective maker in 
the expression plasmid, an appropriate amount of 
antibiotics may be added to the medium to stabilize the 
plasmid in the host cells. 

Culturing conditions such as the pH, temper- 
ature, and oxygen supply level, are controlled so that 
they are preferable for culturing host cells. The pH 
value is preferably 5 to 8, most preferably 7. When a 
recombinant microorganism containing an intracellular 
accumulation type plasmid is cultured, an agent such as 
isqpropyl-0-D-thiogalactoside may be added to enhance 
the promoter efficiency, when a recombinant micro- 
organism containing an extracellular secretion type • 
plasmid is cultured, culturing is preferably continued 
in a same medium from when a maximum growth is reached, 
i.e., late logarithmic phase, until an Fc region protein 
accumulates in medium. About 12 to 48 hours will elapse 
from a time viien the maxinwm growth is reaciied to a time vhox 
pjfoduction and accumulation of Pc region protein ceases. 
A microorganism containing a periplasmic transportation' 
type plasmid is cultured in the same manner as described 
above for the niicroorganism containing an extracellular 
secretion type plasmid. 

After the culturing, the resulting recombinant 
microbial cells are collected by conventional means, 
such as centrifugation or filtration, the collected 
cells are suspended in an aqueous medium such as a 
phosphate buffer, the suspension treated, for example, by 
tiie osmotic shock method (C. Kato et al., E.J. Appl. 
Microbiol. Biotechnol., ig, 339, 1983,, separate the 



intracellular fraction, periplasmic fraction, and 
extracellular fraction. The amount of human IgG Fc 
region protein in each fraction can be determined by an 
enzyme immunoassay using a coiranercially available rabbit 
antiserum containing the anti-human IgG Fc component 
antibody and an enzyme- labeled anti-rabbit Ig antibody. 

The human IgG Fc region protein can be purified 
from the fraction according to a conventional process 
used for isolation and purification of a protein. 
Preferably, affinity column chromatography using anti- 
human IgG Fc component antibody is used. The purified 
human IgG Fc region protein is subjected to SDS-poly- 
acrylamide gel electrophoresis for determination of the 
molecular weight, amino acid composition analysis, and 
determination of the amino acid sequence at tlie N- 
teanainus, to confirm the secretion of the desired human 
IgG Fc region protein from which the signal peptide has been 
correctly clipped off. 

In the present specification, when amino 
acids, peptides, nucleic acids, etc., are expressed by 
an abbreviation, such abbreviations are used according 
to the -recommendations of the lUPAC-IUB (Commission on 
Biological Nonmenclature) • The 
optical isomers of the amino acids, unless 
otherwise noted, have the I» configuration. For exatmple, 
th'e ' following abbreviations are used. 



Cys cysteine 

Met methionine 

Glu glutamic acid 

Asp aspartic acid 

Lys lysine 

Arg arginine 

His histidine 

Fhe phenylalanine 

Tyr tyrosine 

Trp tryptophan 

Pro proline 
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Asn asparaglne 

Gin glutamine 

Gly glycine 

. Ala alanine 

Val valine 

Leu leucine 

lie isolcuclne 

Ser serine 

Thr threonine 

DNA deoxyribonucleic acid 

A adenine 

T thymine 

G guanine 

C cytosine 

EDTA Ethylenediaminetetraacetic acid 

SDS sodium dodecyl sulfate. 



Moreover, unless otherwise noted, the micro- 
bially produced human immunoglobulin G Fc region protein 
includes the monomerxc and dimeric form. 

20 The purified Fc region protein in monomeric 

form can be converted to a dimeric form wherein two 
monomeric proteins- are linked via two disulfide bonds 
similar to natural immunoglobulin by, for example, a 
method disclosed by Chance et al. {R»E* Chance et al., 

25 Peptides: the Seventh U.S. Peptide Symposium 

Pafoceedings, D,H. Rich & E. Gross ed. , 721-728, Piece 
Chemical Co., Rockford, IL., 1981). 

A dimeric protein can be converted to a 
monomeric protein by reducing the dimeric protein under 

30 the conventional conditions for the reductive cleavage of a 
disulfide bond, for example, by adding dithiothreitol or 
2— mercaptoethanol. A mixture of a monomeric protein and 
a dimeric protein can be separated into individual forms 
by any conventional separation procedure, such as gel 

35 filtration technique. 
Examples 

The present invention will now be further illus- 
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trated by^ but is by no means limited to, the following 
examples. 

Example 1. Xsolation of human chromosomal DNA 

g — ■ ■ "" 

3 X 10 cells of human lymphoma cell line ARH77 - 
5 were disrupted with a glass rod, and the disrupted cells 
were treated with protease K (Sigma) in the presence of 
2% SDS, added with phenol saturated with an aqueous 
solution containing 10 mM Tris-HCl (pH 8.0) and 1 mM 
EDTA, and mixed. The aqueous phase was separated from 

3 0 the phenol phase by centrifugation to obtain the aqueous 
phase (phenol extraction) , which was then dialysed 
against an aqueous solution containing 20 mM Tris-HCl 
(pH 7.5) , 100 mM NaCl, and 5 mM EDTA. The dialysate was 
treated with ribonuclease A (Sigma) , again extracted 

15 with phenol, and dialysed against an aqueous solution 
containing 10 mM Tris-HCl (pH 8.0) and 1 mM EDTA to 
obtain about 1.2 mg of human chromosomal DNA (N. Blin et 
al.. Nucleic Acids Res. 3, 2303, 1976). 

Example 2. Preparation of human gene library 

20 150 pg of the human chromosomal DNA obtained in 

Example 1 was partially digested with a restriction 
enzyme Eco RI (Takara Shuzo, Japan) , and the digest was 
subjected to sucrose density gradient centrifugation in 
10 to 40% (w/v) sucrose at 28^000 rpm (120^000 xg) for 

25 15 hours at a temperature of 20 to obtain 4.3 pg of 
DNA' fragments corresponding to 15 to 23 Kbp. 0.8 pg of 
the DNA fragments were then li gated with Charon 4 A 
vector to obtain a hybrid DNA comprising the DNA 
fragments of human origin flanked with the right arm and the 

30 left arm of the Charon 4A vector. The ligation was 
carried out with T4 DNA ligase (Bethesda Research 
Laboratories) in an aqueous solution containing 66 mM 
Tris-HCl (pH 7^6), 6.6 mM MgCl^ r 10 mM dithiothreitol 
and 1 mM ATP, at ll^C for 12 hours. The hybrid DNA thus 

35 obtained was subjected to in vitro packaging to obtain a 
human gene library (1.8 x 10^ FFU/pg, containing 99% of 
the human chromosomal DNA) . 
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Example 3 « Screening of human ironunoglobulin G 
gene 

The gene library prepared in Example 2, comprising 

a population of the Charon 4A phage containing the DNJV 

5 fragment of human origin^ was used to trans feet E. coli 

LE 392 to form plagues. Clones containing the human 

immunoglobulin gene were • selected by a plaque 

32 

hybridization method using P-labeled human antibody K 
chain J region gene as a probe. DNA containing the 
10 human immunoglobulin gene was prepared from the Charon 
4 A phage according to a method of Thomas et al. J. Mol. 
Biol. 91 , 315, 1974. 

Example 4 . Preparation of restriction enzyme 
cleavage map 

15 1 yg of Charon 4A DNA containing the hvmian immu- 

noglobulin gene was dissolved in 20 yl of a restriction 
enzyme buffer, the solution was added with 2 to 4 units 
of a restriction enzyme, and incubated for laore than one 
hour._ The incubation was carried out at 60**C for 

20 restriction enzymes Bst NI and Taq I, and at 37®C for 
other restriction enzymes. The restriction enzyme 
buffer was an aqueous solution containing 50 mM Tris-HCl 
(pH"7.4) , 100 mM NaCl, and 10 mM MgSO^ for Eco RI, 
Taq I, Xba 1^ and Xho I; an aqueous solution containing 

25 io mM Tris-HCl (pH 7*5), 60 mM NaCl, and 7 mM MgClj for 
Bak'HI, Cla I, Hind III, Pst I, Rsa I, and Sau 3AI; an 
aqueous solution containing 10 xnM Tris-HCl (pH 7.4), 
10 mM MgSO^ r and 1 mM dithiothreitol for Bal I, Bst NI, 
Nae I, and Sst II; and an aqueous solution containing 

30 10 mM Tris-HCl (pH 8.0) , 20 mM KCl, 7 mM MgClj , and 

7 mM 2-mercaptoethanol for Sma !• Restriction enzymes 
Bst NI, Cla I and Nae I were obtained from Nev England 
Biolabs; Sst II was obtained from Bethesda Research 
Laboratories; Rsa I, Sau 3AI and Taq I were obtatined 

35 from Nippon Gene? and other restriction enzymes were 
obtained from Takara Shuzo, Where two restriction 
enzymes were used, DNA was treated' first with a 
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restriction enzyme which acts at a lower salt concen- 
tration, and after the salt concentration in the reaction 
mixture was increased , treated with another restriction 
enzyme which acts at a higher salt concentration. 
5 After the cleavage of DNA with the restriction 

enzyme, the reaction mixture was added with 4 yl of an 
aqueous solution of 0.25% bromophenol blue in 50% j 
glycerol, and the mixture was subjected to agarose gel ! 
electrophoresis, wherein 0.8 to 2.5% of gel concentration ' 

10 was used. This agarose was Type II for electrophoresis 
use obtained from Sigma. The electrophoresis buffer was 
an aqueous solution containing 40 mM Tris-CH^COOH 
(pH 8.0) and 1 mM EDTA. Electrophoresis was carried out 
using a vertical gel 2 mm thick, at a voltage of G to 9 ' 

15 v/cm for 1.5 to 3 hours. As a molecular weight standard, 
a cleavage product of X phage DNA with Hind III 
(Boehringer Mannhein) was used. After the electro- 
phoresis, DNA in the agarose gel was stained with 
2 pg/ml of an ethidium bromide aqueous solution, and the 

20 agarose gel was irradiated with long wavelength UV to 
observe the restriction enzyme cleavage pattern of the 
DNA. By analyzing cleavage patterns obtained by each 
restriction enzyme digestion and by combinations of 
digestion with two restriction enzymes r the relative 

25 positions of restriction enzyme cleavage sites for some 
restrxctxon enzymes were determined as shown in 

Fig. 4 (A) . Figure 4 (A) represents a restriction map for * 
human chromosomal DNA containing the human immunoglobulin 
G gene, 

3^ Example 5. Subcloning- of human immunoglobulin G 

gene 

3 pg of Charon 4A DNA containing the human immu- 
noglobulin G gene was cleaved with restriction enzvme 
Hind III according to the same procedure as used in 
35 Example 4, and the cleavage product was subjected to 

agarose gel electrophoresis (gel concentration 0.8%). • 
A gel fragment containing a band corresponding to DNA of ! 
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about 8.2 Kbp containing the human IgG Pc region gene 
was excised from the gel, and the excised gel fragment 
was dissolved in 3 volume/weight of an 8 M NaClO^ 
aqueous solution, A DNA fragment of about 8,2 Kbp in - 

5 length -was recovered from the agarose gel solution by a 
method disclosed by C,W» Chen et al^, Anal-^ Biochem, 
101 , 339 (1980) .1 

On the other hand, 1 yg of plasmid pBR322 was 
cleaved with restriction enzyme Hind III according to 

10 the procedure described in Example 4, and the reaction 
mixture was added with 0*5 unit of alkaline phosphatase 
(E, coli C 75; Takara Shuzo) , and reacted at 45**C for 
one hour- After the reaction, the reaction mixture was 
extracted three times with phenol to inactivate and 

15 eliminate the alkaline phosphatase. This reaction 

mixture containing pBR322 DNA treated with Hind III and 
alkaline phosphatase was mixed with the above-described 
Hind III fragment of 8,2 Kbp recovered from the agarose 
gelr the mixture then subjected to ethanol precipitation, 

20 and the precipitate dissolved in 50 yl of a ligation 

mixture (see Example 2) . The solution was added with 2 
units of T4 DNA-ligase, and reacted for 12 hours at 11*C 
to ligate the DNA fragments. 

The ligation mixture was used to transform E, coli 

25 C 6O0 r^m~ (ATCC 33525) by a modified method of a 
conventional CaCl^ method (M.V. Norgard) * That is^ 
E> coli C 600 r"m was cultured for 18 hours to prepare 
an inoculum, which was then inoculated to 5 ml of L 
medium (1% trypton, 0.5% of yeast extract^ and 0.5% of 

30 NaCI, pH 7.2) r and the E. coli was cultured to an extent 

corresponding to an optical density at 600 nm (OD-^^) of 

o 00 

0.3* The cultured cells were washed two times in a cold 
magnesium buffer (0.1 M NaCl, 5 mM MgCl^ r 5 mM Tris-HClr 
pH 7.6 at 0**C) , resuspended in a cold calcium buffer 
35 (100 mM CaCl^ r 250 mM KCl, 5 mM MgCI^ , 5 mM Tris-HCl, 
pH 7.6 at 0**C) , and the suspension was allowed to stand 
for 25 minutes at 0**C* The cells were separated by 
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centrifugation and resuspended to a 1/10 volume of the 
calcixxm buffer to increase the cell concentration. The 
concentrated cell suspension was then mixed with the 
above-mentioned ligated DNA aqueous solution at a volume 
ratio- of 2:1. The mixture was maintained for 60 minutes 
at 0**C^ and added with 1 ml of an LBG medixim (1% trypton, 
0.5% yeast extract, 1% NaCl and 0.08% glucose, pH 7.2), 
and culturing was carried out at 37**C for one hour with 
shaking. 100 yl/plate of the cultured broth was 
inoculated on a selective medium (L medium plate 
containing 30 pg/ml of ampicillin) , and the plates were 
incubated at 37 °C overnight to develop colonies of 
trans formants. From the ampicillin resistant colonies, 
DNA was prepared by a conventional method, and analyzed 
15 by agarose gel electrophoresis to confirm a desired 
subclone pTJlB (about 12*6 Kbp) . 

A restriction map of the subclone was prepared 
according to the procedure described in Example 4, and 
is shown in Fig. 4(B). As shown in Fig. 4(B), it was 
20 confirmed that three or four Pst X sites existed between 
Pst 1(3) and Hind 111(3). Note, a position thereof was 
not confirmed. 

Moreover, a Pst 1(2) - Pst 1(3); DNA fragment 
having a length of 1.7 Kbp was excised and inserted into 
25 a Pst I site of plasmid pBR322 to construct a plasmid 
pT»J5 (about 6.1 Kbp), according to the procedure as 
described for pTJlB, A desired clone was selected 
from the tetracycline resistant transf ormant , and a 
restriction map of the subclone thus obtained was as 
30 shown in Fig. 4(C). 

Example 6. Sequencing of DNA 

A nucleotide sequence of the human immunoglobulin G 
Fc region gene was determined according to the Maxam— 
Gilbert method. 
35 For example, about 50 pg of DNA of the subclone 

pTJ5 constructed as shown in Example 5 was cleaved with 
Sma I according to the procedure described in Example 4 , 
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the resulting DNA fragments were dephosphorylated with 

alkaline phosphatase, and labeled with 
[y- P}-ATP using 5 units of polynucleotidelcinase (P-L 
Biochemicals) . The reaction using polynucleotidekinase 
5 was carried out in an aqueous solution containing 50 inM 
Tris-HCl (pH 9.5) , 10 mM MgCl^ , and 5 itiM dithiothreitol 
with 100 yCi of (v^^Pj-ATP (Ainersham) • The •'^P-labeled ' 
DNA fragments were cleaved witti Pst I, desired DNA 
fragments were separ^ated by polyacrylamide gel electro- 

10 phoresis (gel concentration 5%) , and extracted from the 
gel according to the procedure described hereinafter in 
Example The ^^P-labeled Sma I - Pst I fragments thus 

obtained were subjected to a base-specific partial 
cleavage, and the product was separated by polyacrylamide 

15 gel electrophoresis (gel concentration 8 to 23%) in 7 M 
urea. The gel was subjected to autoradiography at -80**C 
for 1 day, the cleavage pattern was analyzed, and the 
result was used to determine the nucleotide sequence of 
the Fc region gene* 

20 On the other hand, DNA of plasmid PTJ5 was cleaved 

with Pst I, and the resulting DNA fragment was labeled 
wi-th [a"^^p)-ddATP using a 3 '-terminal labeling kit 
(Amersham) . The ^^P-labeled DNA fragments were 
cleaved with Sma I, and desired DNA fragments were 

25 separated and purified by polyacrylamide gel electro- 
phoresis (gel concentration 5%). The "'^P-labeled 
Pst I - Sma I fragments were analyzed as described 
above, and the result was used to determine a nucleotide 
sequence of the Fc region gene. 

30 Example 7. Construction of expression plasmid 

(cloning of C^3 domain gene) 
DNA of plasmid pTJS constructed in Example 5 was 
cleaved with restriction enzyme Pst I according to the 
procedure described in Example 4, the resulting DNA 

35 fragments were separated by agarose gel electrophoresis 
(gel concentration 0.8%), and a DNA fragment of about 
1.7 Kbp containing the Fc region gene was recovered from 
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the gel by the procedure described in Example 5, The 
DNA fragment thus obtained was cleaved with restriction 
enzyme Nae I by the procedure described in Example 4, 
and the resulting DNA fragments were separated by 
5 polyacrylamide gel electrophoresis (gel concentration 
5%) • A gel fragment containing a band corresponding to 
a DNA fragment of about 0 . 6 Kbp containing a C„3 
domain gene was excised and disrupted^ the disrupted gel 
particles were added with 2 to 5 ml of an elution buffer 

10 (500 mM ammonium acetate, 1 mM EDTA and 0,1% SDS, 

pH 7.5)/ and the mixture was shaken at 37*^0 overnight. 
The mixture was centrifuged to recover an aqueous phase 
containing the desired DNA fragment. The DNA fragment 
thus obtained was then cleaved with restriction enzyme 

15 Rsa I by the procedure described in Exeimple 4 , by 

polyacrylamide gel electrophoresis {gel concentration 
5%) r and a DNA fragment of about 310 bp containing a 
C„3 domain gene was recovered from the gel as above 
mentioned. 

20 The Rsa I - Nae I DNA fragment containing the C„3 

domain gene was inserted into the Bal I site of the 
plasmid pBR322 according to a procedure similar 
to the procedure described in Example 5, to construct a 
plasmid pPC70 (about 4.7 Kbp) wherein the reading 
25 orientation of the C^3 domain gene was the same as the 
reading orientation of the tetracycline resistance gene 
in pBB322, i.e., clockwise orientation in Fig. 5). The 
process for constructing the pFC70 is shown in Fig^ 5. 
Example 8 . Construction of expression plasmid 
(ligation of C^2 domain gene and 
C^3 domain gene) 

The DNA fragment of 1.7 Kbp containing the Fc 
region gene obtained in Example 7 was cleaved with 
restriction enzymes Sau 3AI and Tag I, the resulting DNA 
fragments were separated by polyacrylamide gel electro- 
phoresis (gel concentration 5%)^ and about 0.5 yg of DNA 
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fra^ent having a len,«. of about 240 bp containing 
tbe^„2 domain g^e wa. recoverea fro,, the gel by the 
nrocadure described in Example 7. ^ 
Houble stranded oligonucleotide correspondxng *o 

. ,cint rie:?Lr:::^^^^^^ 

:r".Ta:'p»;rr:d\y eeparatel^ s^thesi.ing a aingle 

stranded coding chain and a — f 

The single stranded oligonucleotides were 
3a^a^l.ed by the phophoramidlte method us«g a ^ly 
Ttomatlc DNA synthesiser (Applied Blosystems, «^el 
38oT The synthetic oligonucleotides vere purx&ed 

:Uing to l dlsdosed by -PP"-^^^--'- 

That is, an a^eous amn«nium ^^'^ 
.™thetlc oligonucleotides «as maintained at 55 C 
synthetic ol ^ ^ ^^^^ ^ soluttoft 

::ntrecSd - gel titration u.lng -P-^-^ -^"^^f « 
^tl (PhLmacla, to Isolate a synthetic 61igonucl«>t.lde 
Lth a high molecular velght. Next, the -dieted 
;^uct was subjected to polyacrylami^ gel electro- 
Loresls (gel concentration 20%) to 7 K urea, and a 
Sration patter o< the gel -as observe to de^ne 

position o£ a band corresponding to a desired 
^ig^ucleotlde slse. The desired part ol 
S detlL^ned was then excised, and a ^"^-^.^^^^^^^ 

oligonucleotide vas recovered free, the excised gel piece 

according to the procedure described In 

Finally, the oligonucleotide solutlou vas applied on a 

gri elltratlon column (Sephadex O-SO, to ob^ a 

.0 'purified synthetic "^^-"-^^f^^:::^;^^; 
necessary, th« polyacrylaarde gel 

repeated to l»pro^ the purity of olxgonucl«txae 
!!!Iuct O.l to 1.0 w of the purified s:fnt.«txe 
tC-le^tiae was treated vlth ^^^^^^ 

1 «M »qm as described xn Example «• 

^spL^late synthetic oligonucleotides c»rrespc-al^ 
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to the coding chain and non-coding chain were mixed, and 
the mixture was gradually cooled from 70^C to room 
temperature for annealing. As described above, a Taq I 
- Sma I DNA fragment of about 68 bp corresponding to er 
5 joint region between the C^2 domain gene and C^3 domain 
gene was obtained. 

On the other hand, about 5 pg of DNA of the plasmid 
pFC70 was dissolved in the cleavage buffer for 
restriction enzyme Sma I as described in Example 4 , the 

10 solution was added with 2 to 5 units of Sma I, and 
incubated at 20**C for 15 to 45 minutes for partial 
digestion. The reaction mixture was extracted with 
phenol to inactivate the Sma I, and subjected to cleavage 
with Bam HI according to the procedure described in 

15 Example 4 . The resulting DNA fragments were separated 

by agarose gel electrophoresis (gel concentration 0.8%), 
and a Bam HI - Sma 1(1) DNA fragment of about 3.6 Kbp 
containing most of the C^3 domain gene as shown in 
Fig. 6, was recovered from the gel by the procedure 

20 described in Example 5. 

The Sau 3AI - Tag I DNA fragment containing the C 2 

domain gene; the Taq I — Sma I DNA fragment corresponding 

to the joint region between the C„2 domain gene and C 3 

H 

domain gene; and the Bam HI (Sau 3AI) - Sma 1(1) DNA 
25 fragment containing the C^^B domain gene and a vector 
fragment, all prepared as above-mentioned,, were mixed 
and ligated according to a procedure roughly the same as 
the procedure described in Example 5,. to construct a 
plasmid pFC77 of about 3.9 Kbp wherein the C„2 domain 
30 gene and the C^3 domain gene were linked without an 

intervening intron^ i.e., directly. The above-mentioned 
process for constructing the plasmid pFC77 is shown in 
Fig. 6. 

Example 9. Ligation of Fc region gene and promoter 
35 The DNA of the plasmid pFC77 obtained in Example 8 

was cleaved with restriction enzymes Sst II and Pst I by 
the same procedure described in Example 4, and after 
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agarose gel electrophoresis (gel concentration 0.8%)^ an 
Sst xr - Pat X DNA fragment of about 2.7 Kbp containing 
a downstream part of the Cjj2 domain gene,, the entire Cjj3 
domain gene,r and a portion of the vector region, as 
5 shown in Pig. 7, was recovered from the gel by the 
procedure described in Example 5. 

On the other hand, the DNA fragment of about 
1.7 Kbp containing the Pc region gene obtained in 
Example 7 was cleaved with restriction enzymes Bst NX 

IQ and Sst II by the procedure described in Example 4, and 
after polyacrylamide gel electrophoresis (gel concen- 
tration 5%), a Bst NI(5) - Sst II DNA fragment of about 
171 bp containing an upstream part of the C„2 domain 
gene was recovered from the gel by the procedure 

15 described in Exeuaple 7* 

Moreover r a double stranded oligonucleotide of 
about 39 bp corresponding to the link region between a 
promoter and Pc region gene,, shown in Fig. 7, was 
prepared by the procedure described in Example 8. This 

20 cla r - Bst NX (5) DNA fragment contains a restriction 
enzyme Cla I site for ligation to the trp prcmotecr a 
translation start codon ATG, an h domain gene, and ast 
upstream part of the domain gene, in sequence in. 

this ordeir. Therefore, by using this DNA fragment, 

25 the Fc region (h-C^2-Cjj3) gene without any intervening 
introns can be linked downstream of the 
tryptophan-operon-SD sequence within an appropriate 
distance. 

On the other hand, the DNA of the plasmid pYS3lN of 
about 4.7 Kbp containing the trp promoter was cleaved 
with restriction enzymes Pst X .and Cla I by the procedure 
described in Example 4, and after agarose gel electro- 
phoresis (gel concentration 0.8%), a Pst I - Cla I DNA 
fragment of about 1.1 Kbp containing the trp promoter 
and a part of the vector region, as shown in Fig. 7, was 
recovered from the agarose gel by the procedure described 
in Example 5. 
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The Sst II - Pst I DNA fragment containing a 
downstream part of the C„2 domain gene^ C-,3 domain gene. 

n ri 
and a portion of the vector region; a Bst NI(5) - Sst II 

DNA fragment containing an upstream part of the C^2 
5 domain gene; the Cla I - Bst NI(5) DNA fragment corre- 
sponding to the link region between the promoter and the 
Fc region gene; and the Pst I - Cla I DNA fragment 
containing the trp promoter and a part of the vector 
region, all prepared as described above, were mixed and 

10 ligated to construct an expression plasmid pFC203 of 
about 4»0 Kbp for the Fc region (h-Cjj2-C^3) gene by a 
procedure roughly the same as t^e procedure described in 
Example 5. The above-mentioned process for construction 
of the pFC203 is shown in Fig. 7. 

15 Example 10 > Incorporation of tandem stop codons 

DNA of the Fc region gene expression plasmid pFC203 
constructed in Example 9 was partially cleaved with 
restriction enzyme Sma I, arid then completely cleaved 
with restriction enzyme Pst I by the same 

20 procedure as described in Example 8. After agarose gel 
electrophoresis (gel concentration 0.8%), a Sma I (2) 

— Pst I DNA fragment of about 1-8 Kbp containing a major 
portion of the Fc region gene and a portion of the 
vector region^ as shown in Fig. 8, was recovered from 

25 the agarose gel by the same procedure described in 
Example 5. 

On the other hand, a double stranded oligonucleotide 
of about 17 bp having the nucleotide sequence shown in 
Fig. 8 corresponding to a downstream part of the C^S 
30 domain gene and translation stop codons was prepared by 
the procedure described in Example 8* This Sma 1(2) 

- Bam HI DNA fragment contained a portion of the C_3 

H 

domain gene, two tandem translation stop codons 
represented by the nucleotide sequence TAATAG, and a 
35 restriction enzyme Bam HI site for ligation to a vector. 
Therefore/ this DNA fragment can be used to incorporate 
tandem translation stop codons into an expression 
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plasmid. 

The plasmid pBR322 DNA was cleaved with restriction 
enzymes Pst I and Bam HI by the procedure described in 
Example 4, and after agarose gel electrophoresis (gel- 
concent:ration 0.8%), a Bara HI - Pst I DNA fragment of 
about 3.2 Kbp containing a major portion of the vector 
region, as shown in Fig. vS, was recovered from the 
agarose gel by the procedure described in Example 5. 

The Sma 1(2) - Pst I DNA fragment containing a 
major portion of the Fc region gene and a portion of the 
vector region; the Sma 1(2) - Bam HI DNA fragment 
containing a downstream part of the C^3 domain gene and 
tandem translation stop codons; and the Bam HI - Pst 1 
DNA fragment containing a major portion of the vector 
region, all prepared as described above, were mixed and 
ligated to construct the Fc region gene expression 
plasmid pFC211 of about 5.0 Kbp having tandem translation 
stop codons, by the same procedure as described 

in Example 5 . The above-mentioned process for the 
construction of the pFC211 is shown in Fig. 8. 

Example 11. I,inkinq of Fc region gene with tac 
promoter 

DNA of the Fc region gene expression plasmid pFC203 
obtained in Example 9 was cleaved witli restriction 
enzyme Cla I by the procedure described in Example 4, 
and "the resulting DNA was treated with DNA polymerase I 
large fragment in the presence of dCTP and dGTP to 
produce blunt ends by the procedure described in 
Example 10. Next, the blunt-ended DNA fragment was 
cleaved with restriction enzyme Pst I by the procedure 
described in Example 4, and after agarose gel electro- 
phoresis (gel concentration 0.8%), a DNA fragment of 
about 2.8 Kbp containing an entire Fc region gene and a 
major portion of the vector region, as shown in Pig. 9, 
was recovered • 

On the other hand, DNA of the plasmid pDR540 of 
about 4.0 Kbp (Pharmacia) containing the tac promoter 
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was cleaved with restriction enzyme Bam HI by the 
procedure described in Example 4, and the resulting dna 
was treated with DNA polymerase I large fragment in the 
presence of dGTP, dATP, dTTP, and dCTP to produce blunt 
ends, by the procedure described in Example 10. The 
blunt ended DNA fragment was then cleaved with 
restriction enzyme Pst I. by the procedure described in 
Example 4, and after agarose gel electrophoresis (gel 
concentration 0.8%), a DNA fragment of about 1.1 Kbp 
containing the tac promoter and a portion of the vector 
region, as shown in Fig. 9, was recovered from the 
agarose gel. 

The DNA fragment of about 2.8 Kbp containing the 
entire Fc region gene and a major portion of the vector 
15 region, and the DNA fragment of about 1.1 Kbp containing 
the tac promoter and a portion of the vector region, 
both prepared as above, were mixed and ligated to 
construct an expression plasmid pFC361 of about 3.9 Kbp, 
wherein the Fc region gene was linked downstream from 
20 the tac promoter, by roughly the same method as described 
in Example 5. Figure 9 shows the above-mentioned 
process for the construction of the pFC361. 

The DNA of ^the Fc region gene expression plasmid 
pFC361 thus obtained was cleaved with restriction 
25 enzymes Sst II and Pst I by the procedure described in 
Exaihple 4, and after agarose gel electrophoresis (gel 
concentration 0.8%), an Sst II - Pst I DNA fragment of 
about 1.3 Kbp containing a portion of the vector region, 
the tac promoter, and an upstream portion of the Fc 
region gene, as shown in Fig. 9, was recovered from the 
agarose gel by the procedure described in Example 5. 

On the other hand, the DNA of the Fc region gene 
expression plasmid pFC211 having tandem translation stop 
codons, obtained in Example 11, was cleaved with 
restriction enzymes Sst II and Pst I by the procedure 
described in Example 4, and then a Pst I - Sst li DNA 
fragment of about 3 . 6 Kbp containing a downstream part 
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of the Fc region gene, tandem translation stop codons/ 
and a major portion of the vector region, as shown In 
Fig. 9f was obtained as described above. 

The Sst II - Pst I DNA fragment containing a 
portion of the vector region,- the tac promoter, and an 
upstream portion of the Fc region gene; and the Pst I 
- Sst II DNA fragment containing a downstream portion of 
the Fc region gene, tandem translation stop codons, and 
a major portion of the vector region, both prepared as 
above, were mixed and ligated to construct an expression 
plasmid pFC362 of about 4.9 Kbp wherein the tac promoter 
was followed by the Fc region gene with tandem trans- 
lation stop codons, by roughly the same procedure as 
described in Example 5. Figure 9 shows the above- 
mentioned process for the constmiction of the pFC362.. 

Example 12, Preparation of chromosomal DNA of 
alkalophilic Bacillus No, 170 

Alkalophilic Bacillus No. 170 (FERM BP-467) capable 
of extracellular secretion of peniclllase was cultured 
in a medlAim containing 2.0 g/1 glycerol, 5.0 g/1 yeast 
extract, 5.0 g/1 polypepton (Takeda) , 1 g/X KjHPO^ . and 
0.2 g/1 HgSO^-7H20 (pH 9.0 with 10 g/1 NaHCO^) at SO'^C 
for 15 hours with shaking, until tlie late logarithmic 
phase was reached, and. the cultured cells were collected. 
Chromosomal DNA was extracted from the cells according 
to the phenol extraction method to obtain 5 mg of 
chromosomal DNA* 

Example 13 ♦ Insertion of chromosomal DNA fragment 
derived from alkalophilic Bacillus 
No, 170 into vector 

10 pg of chromosomal DNA extracted in Example 12 
was partially digested with restriction enzyme Eco RI 
at 37^C according to the same procedure described in 
Example 4\ On the other hand, DNA of plasmid pMB9 
carrying a tetracycline resistance gene (Tet^) (Bethesda 
Research Laboratories) was completely digested with the 
restriction enzyme Eco RI, and the digestion product was 
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heated at 65 ^'C for five minutes, and mixed with the 
digestion product of chromosomal DNA as above prepared^ 
The mixture was subjected to ligation using T4 DNA 
ligase at 10 for 24 hours according to the procedure 
5 described in Example 2, and after heating at SS^'C for 5 
minutes, two volumes of ethanol was added to the reaction 
mixture to precipitate plasmid DNA. 

Example 14 > Cloning of penicillinase gene derived 
from alkalophilic Bacillus No. 170 
10 Plasmid containing a chromosomal DNA insert derived 

from alkalophilic Bacillus No. 170, prepared in 
Example 13, was transformed into E. coli HBlOl by the 
conventional CaCl2 method (M.V. Norgard et al,, supra). 
The transformants were screened for ampicillin resistance 
15 and tetracycline resistance, and a clone containing a 
penicilinase gene of alkalophilic Bacillus No, 170 was 
selected. After culturing the selected strain, the 
cultured cells were treated according to the procedure 
described in Fig. 10 to isolate a recombinant plasmid 
20 pEAPl containing a 4.5 Kbp insert comprising the 

penicillinase gene. A restriction cleavage map for the 
plasmid pEAPl was prepared according the same procedure 
as described in Example 4. Figure 11 represents the 
restriction cleavage map of the plasmid pEAPl. 
25 Example 15. Determination of nucleotide seguence 

of plasmid containing chromosomal DNA 
of alkalophilic Bacillus No. 170 
The nucleotide sequence of plasmid containing 
chromosomal DNA of alkalophilic Bacillus No. 170 was 
determined according to a dideoxy chain termination 
method by M13 phage using an M13 Sequencing kit 
(Amersham) . Figure 1 represents the DNA sequence of 
the promoter region and signal peptide region of the 
penicillinase gene of alkalophilic Bacillus No. 170; 
35 Fig. 2 represents the rm sequence of Kil gene derived 

from plasmid pMB9; and Fig. 3 represents the DNA sequence 
of the Ex promoter region derived from chromosomal DNA 
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of alkalophllic Bacillus No. 170. 

Example 16. ConBtruction of various plasmld 

derivatives containing chronibsomal DNA 
of alkalophllic Bacillus No. 170 
5 During the passage of E. coll containing the 

plasmld pEAPl, a mutant (amplclllln resistant, Ap^; 
tetracycline sensitive, Tet^) exhibited an enhanced 
penicillinase activity three times higher than that of 
pEAPl was obtained spontaneously. Prom the mutant, a 

10 plasmld was prepared according to the procedure described 
in Fig. 10, and plasmld pEAP3 of about 5.8 Kbp, wherein 
a DNA fragment of about 4 Kbp corresponding to a DNA 
region upstream frcm the penicillinase structural gene in 
plasmld pEAPl has been deleted, was obtained. Figure 12 

15 ;represents the restrlctlcn - cleavage map of plasmld pEAPB. 
One vg of the plasmld pEAP3 thus obtained was 
digested with the restriction enzyme Eco RI and Hind III 
at 37 "»C for 2 hours according to the same procedure as 
described in Example 4. To the reaction mixture was 

20 added a DNA polymerase I large fragment, and reaction 

was carried out at a room temperature for 30 minutes to 
make blunt ends, according to the same procedure as 
described in'Example 11. Next, the ligation of DNA 
fragments was carried out using T4 DNA ligase at .a room 

25 temperature for 24 hours, and then the reaction mixture 
was 'heated at S5**C for 5 minutes, and two volumes of 
ethanol was added to the reaction to precipitate and 
obtain plasmid DNA. The plasmld DNA thus obtained was 
used to transform E. coll HBlOl according to the 

30 procedure described in Example 4, and from an ampicillin 
resistant transformant , plasmid pEAP6 was isolated and 
purified according to the procedure described in Fig. lo. 
In the plasmid pEAPS of about 4.8 Kbp, an Eco Ri - 
Hind III DNA fragment of about 1.0 Kbp was deleted from 

35 the original plasmid. Figure 12 represents the process 
for the construction of plasxaid pEAP6. 

Next, 10 vg of DNA of plasmid pBR329 (about 



4.15 Kbp; L. Covarrubias et al.. Gene , 17 , 79, 1982) was 
cleaved with restriction enzyme Acc II, and the 
reaction mixture was subjected to an agarose gel electro- 
phoresis (gel concentration 1.5%), and from the agaro&e 
-gel, an Acc II - Acc II DNA fragment of about 1.3 Kbp 
cmtalnlng.the chloraniFhenicol acetyl transferase (CAT) gene 
was recovered by an electroelution method (P.J. Green et 
al./ Methods in Molecular Biolocpy , Vol 7, Marcel 
Dekker, 1978, p87) - On the other hand, the plasmid 
pEAPS obtained as described above was cleaved with 
restriction enzyme Sma I according to the same procedure 
as described in Example 4, and the reaction mixture was 
mixed with the above-mentioned Acc II - Acc II DNA 
fragment, and ligation was carried out using T4 DNA 
ligase according to the same procedure as described in 
Example 2. As described above, the reaction mixture 
was used to transform E. coli HBlOl, and from a 
chloramphenicol and an ampicillin resistant trans formant 
plasmid pEAP7 of about 6.1 Kbp was isolated and purified. 
In the plasmid pEAP7, the CAT gene was inserted into 
plasmid pEAP6 in the counterclockwise direction in 
Fig. 12. Figure 12 represents the process for the 
construction of the plasmid pEAP7. 

The plasmid pEAP7 thus obtained was cleaved with 
restriction enzyme Hind III according to the same « 
procedure as described in Example 4, and ixfh 
polymerase I large fragment was used to make blunt ends 
according to the same procedure as described in 
Example 11. Self ligation was carried out using T4 DNA 
ligase according to the same procedure as described in 
Example 2, to construct a plasmid pEAP7AH of about 
6.1 Kbp wherein the Hind III site in plasmid pEAP7 has 
been deleted. Figure 13 represents a process for the 
construction of the plasmid pEAP7AH. 

Moreover, plasmid pEAP7AH was cleaved with 
restriction enzyme CI a I according to the same procedure 
as described in Example 4, and DNA polymerase I large 
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fragment was used to make blunt ends according to the 
same procedure as described In Ex2unple II. Ligation was 
carried out using T4 DNA llgase according to the same 
procedure as described In Example 2, and the reaction-^ 
5 mixture was used to transform coll HBIOI. From a 
chloramphenicol resistant and amplclllln sensitive 
trans formant, plasmid pEAP7ACCH of about 6.1 Kbp was 
isolated and purified. In the plasmid pEAP7ACCH, both 
of the two Cla I sites present in plasmid pEAP7AH have 

10 been deleted. Figure 13 represents the process for the 
construction of the plasmid pEAP7ACCH» 

The plasmid pEAP7ACCH thus obtained was cleaved 
with restriction enzyme Hlnc II according to the same 
procedure as described in Example 4, and after an 

15 agarose gel electrophoresis (gel concentration 0.8%), an 
Hinc II - Hinc II DNA fragment of about 3.8 Xbp wherein 
a portion of the penicillinase gene has been deleted was 
recovered from the agarose gel by an electroelutlon 
method* On the other hand, the above-mentioned plasmid 

20 pEAP7 was cleaved with restriction enzyme Hlnc II in 

the same manner as described above, and after an agarose 
gel electrophoresis (gel concentration 0.8%), an Hlnc II 
- Hinc II DNA fragment of atbout 2.3 Kbp containing the 
penicillinase gene was recovered. These two DNA fragments 

25 were ligated using T4 DNA ligase according to the same 
pifocedure as described in Example 2, and the reaction 
mixture was used to transform E. coll HBIOI. From a 
chloramphenicol and ampicillin resistant trans formant, 
plasmid pEAP7ACH of about 6.1 Kbp was obtained. 

30 Figure 14 represents the process for construction of the 
plasmid pEAP7ACH. 

The plasmid pEAP7aCH thus obtained was cleaved with 
restriction enzyme Hpa I according to the same procedure 
as described in Example 4^ and the reaction mixture was 

35 then mixed with a Sail linker phosphorylated at its 
5 '-ends (Takara Shuzo) , and ligation was carried out 
using T4 DNA ligase according to the same procedure as 
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described in Example 2. After ethanol precipitation^ 
the ligation product was cleaved with restriction 
enzymes Cla I and Sal I, and after an agarose gel 
electrophoresis (gel concentration 0.8%)^ a Cla I 
- Sal I DNA fragment of about 4.5 Kbp containing the 
3 '-terminal half of penicillinase gene. Ex -promoter 
region, and a major vector portion was recovered by an 
electroelution method. On the other hand, the plasmid 
p329PS obtained in Example 16 described later was 
cleaved with restriction enzymes Cla I and Sal I, and 
after a polyacrylamide gel electrophoresis (gel concen- 
tration 5%), a Sal I - Cla I DNA fragment of about 
200 bp containing the penicillinase gene promoter region 
and signal peptide region was recovered by an electro- 
elution method. The two DNA fragments thus obtained 
were mixed, after ligation using T4 DNA ligase according 
to the same procedure as described in Example 2, the 
reaction mixture was used to transform E. coli HBlOl 
in the isame manner as described above. From a 
chloramphenicol resistant trans formant, secretion type 
plasmid, a vector pEAPS of 4.7 Kbp was isolated and 
purified. Figure 14 represents the process for the 
construction of the plasmid pEAPS. 

The plasmid pEAP6 prepared as described above was 
cleaved with restriction enzyme Hinf I according to 
the 'same procedure as described in example 4, and after 
an agarose gel electrophoresis (gel concentration 0.8%), 
Hinf I - Hinf I DNA fragment containing the Ex prcrooter 
region derived from chromosomal DNA of alkalophilic 
Bacillus No. 170 and the Kil gene region responsible for 
extracellular secretion derived from plasmid pMB9 was 
recovered by electroelution. This DNA fragment was 
treated with DNA polymerase I large fragment to make 
blunt ends according to the same procedure as described 
in Example 11, and the fragment was ligated with an 
5'-end-phosphorylated Eco RI linker (Takara Shuzo) using 
T4 DNA ligase according to the same procedure as de- 



• • I 



10 



15 



20 



25 



30 



35 



- 38 - 



scribed in Example 2. After ethanol precipitation, the 
ligation product was cleaved with restriction enzyme 
ECO Ri according to the same procedure as described in 
Example 4. Next, after a agarose gel electrophoresis- 
(gel concentration 0.8%,, an Eco RI - Eco ri dna fragment 

Of about 0.95 Kbp was recovered by an electroelution 
method. Next, plasmid pBR329 was cleaved with re- 
striction enzyme Eco Rl according to the same procedure 
as described in Example 4, and the reaction product was 
mxxed with the above-mentioned Eco RI - Eco RI dna 
fragment of about 0.95 Kbp, and the mixture was subjected 
to ligation using T4 DNA ligase according to the same 
procedure as described in Example 2. The ligation 
product was used to transform E. col± HBlOl, and from an 
ampxcillin and tetracycline resistant transformant, 
multx-copy secretion type plasmid, a vector p329EXK of 
about 5.1 Kbp was isolated and purified. Figure 15 ' 
P^" ^ construction of the plasmid 

Example 17, _ Co nstruction of ola^^i . opntainln^ ^. 

promoter region and signal pep tfr>» 
req-ion of penicillinase <^ ene oF 
alkaloph ilic Bacillus No. I7n 
Plasmid pCMl (about 4.1 Kbp Pharmacia, which " 
contains chloramphenicol acetyl transferase (CAT, gene 
. derivative was cleaved with restriction enzymes Eco Ri 
and sal I according to the same procedure as described 
xn Example 4, and after an agarose gel electrophoresis 
(gel concentration 0.8%,, an Eco Ri - sal I DNA fragment 
of about 0.5 Kbp containong the 3 '-terminal half of CAT 
gene was recovered according to the same procedure as 
described in Example 15. Moreover, plasmid pCM7 (about 
4.1 Kbp, Pharmacia, which contains a CAT gene derivative 
was cleaved with restriction enzymes - Eco Ri and Sal i as 
described above, and after an agarose gel electrophoresis 
(gel concentration 0.8%,, an Eco RI - Sal I DNA fragment 
of about: 3.1 Kbp consisting of a S-terminal half orthe 
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CAT gene and a major vector portion was recovered. 
These DNA fragments were mixed and ligated using T4 DNA 
ligase according to the same procedure as described in 
Example 2, and a new plasmid pCM71 of about 3.6 Kbp ^ 
5 containing .the CAT gene derivative was constructed 
according to the same procedure as described in 
Example 16 • Figure 16 represents the process for l±ie 
construction of the plasmid pCM71. 

The plasmid pEAP3 constructed in Example 16 was 

10 cleaved with restriction enzyme Rsa I according to the 
same procedure as described in Example 4 ^ and after 
polyacrylamide gel electrophoresis (gel concentration 
5%) 9 an Rsa I - Rsa I DNA fragment of about 200 bp 
ccntalnlng the paxnoter region and signal peptide region 

15 of the penicillinase gene was recovered according to the 

same procedure as described in Example 16. This Rsa I ! 
— Rsa I DNA fragment was mixed with an 5 '—end— | 
phosphorylated Hind III linker (Takara Shuzo) ^ and after 
ligation using T4 DNA ligase according to the same 

20 procedure as described in Example 2^ the ligation 

product was cleaved with restriction enzyme Hind III 
according to the same procedure as described in 
Example 4. Afteir polyacrylamide gel electrophoresis 
(gel concentration 5%) , a Hind III - ended DNA fr.agment 

25 of about 210 bp containing ilie pr cnoter region and signal 
p^tide region of the penicillinase gene was recovered 
according to the same procedure as described in 
Example 15. On the other hand^ plasmid pCM71 was 
cleaved with restriction enzyme Hind III according to 

30 the same procedure as described in Example 4^ and the 
product was mixed with the above-mentioned Hind 
III - Hind III DNA fragment containing the promoter region 
and signal peptide region of the penicillinase gene, and 
these fragments were ligated using T4 DNA ligase 

35 according to the same procedure as described in 

Example 2^ and the reaction mixture was used to transform 
E. coli HBlOl, and from an ampicillin and chloramphenicol 



I 



^ 40 



0234592 



resistant transformant, a plasmld pPSl of about 3.7 Kbp 
was isolated and purified. In this plasmid pPSl, the 
promoter region and signal peptide region of the 
penicillinase gene was inserted upstream from the CAT- 
5 gene .in the same reading orientation. Figure 7 

represents the process for the construction of the plasmid 
pPSl. 

The plasmid pPSl thus obtained was partially 
digested with the restriction enzyme Hind III according 

10 to the same procedure as described in Example 4, and 
after agarose gel electrophoresis (gel concentration 
0.8%),. a Hind III - Hind III DNA fragment of about 
3.7 Kbp formed by cleavage of one Hind III site among 
the Hind III sites originally present was recovered in 

15 the same manner as described above. This Hind III - 
Hind III DNA fragment was blunt-ended using a DNA 
polymerase I large fragment according to the same 
procedure as described in Example 12, and then self- 
ligated using T4 DNA ligase according to the same 

20 procedure as described in Example 2. In such a manner 
plasmid pPSlAH of about 3.7 Kbp was constructed wherein 
a Hind III site present upstream from the penicillinase 
gene promoter region was deleted. Figure 18 represents 
the process for tiie construction of the plasmid pPSlAH. 

25 Moreover, plasmid pPSlAH was cleaved with 

restriction enzyme Cla I according to the same procedure 
as described in Example 4, and the product was mixed 
with an 5 '-end-phosphorylated Sal I linker (Takara 
Shuzo) f and ligation was carried out using T4 DNA ligase 

30 according to the same procedure as described in 

Example 2. After ethanol precipitation , the ligation 
product was cleaved with restriction enzymes Hind III 
and Sal Polyacrylamide gel electrophoresis (gel 

concentration 5%) was then carried out, and a Sal I 

35 - Hind III DNA fragment of about 210 bp containing the 
promoter region and signal peptide region of the 
penicillinase gene was recovered by electroelution* 
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On the other hand, plasmid pBR359 was cleaved with 
restriction enzymes Hind III and Sal and after 
agarose gel electrophoresis (gel concentration 0.8%), a 
Hind III - Sal I DNA fragment of about 3.6 Kbp containing 
5 tJie major vector portion was recovered. The two DNA 

fragments thus obtained were mixed, and ligated using T4 
DNA ligase according to the same procedure as described 
in Example 2, and in the same manner as described above, 
plasmid p329PS was constructed. Figure 18 represents the ' 
10 process for the construction of the plasmid p329PS. 
Example 18. Construction of periplasmic 

transportation type plasmid for Fc 
region gene 

The intracellular accumulation type plasmid pPC362 
15 containing the Fc region gene, constructed in Example 11, 

was cleaved with restriction enzymes Sst II and Eco RI I 
according to the same procedure' as described in 
Example 4, and after an agarose gel electrophoresis (gel 
concentration 0.8%), an Eco RI - Sst II DNA fragment of 
20 about 0.4 Kbp containing the tac pxcnoter region, hinge 
domain gene and 5 '-terminal half of a Cjj2 domain gene, 
and Eco RI - Sst II DNA fragment of about 4.5 Kbp 
containing a major vector portion, "3 '-terminal half of 
Cjj2 domain gene and Cjj3 domain gene were recovered from 1 
25 -the gel according to the same procedure as described in " 
Ejfample 5. Among these DNA fragments, the Eco RI 

- Sst II DNA fragment containing the tac promoter ■ 
region, hinge domain gene, and 5 '-terminal half of C 2 
domain gene was cleaved with restriction enzyme Bst NI * ' 

according to the same procedure as described in 
Example 4, and after polyacrylamide . gel electrophoresis 
(gel concentration 5%) , Bst NI - Sst II DNA fragment of 
about 171 bp containing a portion of the Cjj2 domain gene 
was recovered from the gel according to the same pro- 
35 cedure as described in Example 7. 

A double-stranded oliganucleotide of about 51 bp (including the 
protruding ends)^ having the nucleic acid sequence shown In Fig. 19 corre- 



. 42 - 0234592 

sponding to a linking region between the penicillinase 
gene promoter / signal peptide region and Pc region gene 
was prepared according to the seune procedure as described 
in Example 8, This Eco RI - Est Nl DMA fragment con- « 
5 tained the restriction enzyme Sal I site necessary for 

subcloning in a later step, restriction enzyme Hind III 
site used for linking with the signal peptide region 
gene of the penicillinase gene^ TCA codon coding for 
amino acid serine, hinge region gene and a portion of 

10 the Cjj2 domain gene. By using this DNA fragment, it is 

expected that the signal peptide is correctly processed and the 
Fc region protein having an additional amino acid serine 
at its amino terminal is produced* 

The Eco RI - Sst II DNA fragment containing a major 

15 vector portion, a 3 '-terminal half of C^2 domain gene 
and C^3 domain gene, a Est NI - Sst II DNA fragment 
containing a portion of the C^2 domain gene, and an 
Eco RI - Bst NI DNA fragment corresponding to a linking 
region between a signal peptide region of the penicil- 

20 linase gene and Fc region gene, all prepared as described 
above, were mixed, and plasmid pSEC-PC of about 4.7 Kbp 
was constructed according to the same procedure as 
described in .Example 5. Figtire 19 represents the process 
for the construction of the plasmid pSEC-FC. 

25 The plasmid pSEC-FC thus obtained was cleaved with 

'restriction enzyme Hind III according to the sauae 
procedure as described in Example 4. On the other hand, 
plasmid pPSl ccntaining the protcoter region ajid signal 
peptide region of the penicillinase gene, obtained in 

30 Example 17, was cleaved with restriction enzyme 

Hind III according to the same procedure as descrit^jd .in 
Example 4, and after polyacrylamide gel electrophoresis 
(gel concentration 5%) , a Hind III - Hind III DNA 
fragment of about 210 bp containing the pronoter region 

35 and signal peptide region of the penicillinase gene was 
recovered by electroelution method. This DNA fragment 
was mixed with the product above-prepared by cleaving 
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plasraid pSEC-FC vd.th restriction enzyme Hind Illr and a 
periplasmic transportation type plasmid pPS-FC for the 
Fc region gene was constructed according to the same 
procedure as described in Example 17. Figure 20 re- ^ 
5 presents the process for the construction of the plasmid 
pPS-FC. 

Example 19. Construction of extracellular secretion 

type plasmid for Fc region gene 
The plasmid pSEC-FC constructed in Example 18 was 

10 cleaved with restriction enzyme Bam HI according to 

the same procedure as described in Excimple 4, and mixed 
with a double-stranded nucleotide of about 14 bp (inclxiding the pro- 
tnading ends) having the nucleotide sequence shown in Fig. 19 ard con- 
taijiiixg a restriction enzyme Cla I site arxi prepared according to 

15 the sarnie procedure as described in Example 8^ and 

ligation was carried out using T4 DNA ligase according 
to the same procedure as described in Example 2. 
According to the procedure described in Example 16, a 
restriction enzyme Bam HI site present in plasmid 

20 pSEC— FC was converted to the restriction enzyme Cla I 
site to construct a plasmid pSEC-FCC of about 4.7 Kbp, 
Figure 19 represents the process for the construction of 
the plasmid pSEC-FCC. 

The plasmid pSEC-FCC thus obtained was cleaved with 

25 restriction enzymes Hind III and Cla I according to the 
s3Cai^ procedure as described in Example 4, and after 
agarose gel electrophoresis (gel concentration 0.8%) ^ a 
Hind III - Cla I DNA of about 0.7 Kbp containing the Fc 
region gene was recovered as described above. On the 

30 other handr the secretion type plasmid vector pEAP8 

constructed in Example 16 was cleaved with restriction 
enzymes Hind III and Cla I,, and after agarose gel 
electrophoresis (gel concentration 0.8%) r a Cla I 
- Hind III DNA fragment of about 4.7 Kbp consisting of a' 

35 major portion of the plasmid pEAP8 was recovered as 
described above. These two DNA fragments were mixed ^ 
and ligated using T4 DNA ligase according to the same 
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procedure as described in Example 2 , and an Fc region 
protein extracellular secretion type plasmid pEXPClO of 
about 5*6 Kbp was constructed. Figure 21 represents the > 
process for the construction of the plasmid pEXFClO. - 
5 On the other hand^ an Fc region protein periplasmic 

transportation type plasmid pPS-FC obtained in Example 18 
was cleaved with restriction enzymes Bam HI and Sal I 
according to the same procedure described in Example 4 , 
and after agarose gel electrophoresis (gel concentration 

10 0.8%) , an Sal I - Beim HI DNA fragment of about 0.9 Kbp 
containing a promoter region and signal peptide region 
of the penicillinase gene was recovered by an electro- 
elution method. Moreover, a multi-copy secretion type 
plasmid vector p329EXK obtained in Example 15 was 

15 cleaved with restriction enzymes Bam HI and Sal I, and 
after agarose gel electrophoresis (gel concentration 
0.8%} , a Bam HI - Sal I DNA fragment of about 4.8 Kbp 
containing a major portion of the plasmid p329EXK was 
recovered. These two DNA fragments were ligated using 

20 T4 DNA ligase according to the same procedure as de- 
scribed in Example 2, and em Fc region protein extra- 
cellular secretion type plasmid pEXFClOO of about 
5.7 Kbp was constructed according to the same procedure 
as described in Example 16. Figure 22 represents, the 

25 process for the construction of the plasmid pEXFClOO. 

' ' Example 20. Confirmation of periplasmic trans — 

portation and secretion of Fc region 
protein 

E. coli C600R"'m~ transformed with an Fc region 
30 protein intracellular accumulation type plasmid pFC362r 
obtained in Example 11; E* coli HBlOl transformed with 
an Fc region protein periplasmic traiisportation type 
plasmid pPS-FC, obtained in Example 18; and E^ coli 
HBlOl transformed with an Fc region protein extracellular 
35 secretion type plasmid pEXFClO, and E> coli HBlOl 

transformed with an Fc region protein extracellular 
secretion type plasmid pEXFClCO, both obtained in 
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Example 10 were inoculated into LBGG medium (1% trypton^ 
0.5% yeast extract^ 1% NaCl, 0.1% glucose, 0.2% glycerol^ 
pH 7.2) supplemented with 30 vg/ml of ampicillin, and 
culturing was carried out at 37**C for 24 hours, except 

.5 that coli .transformed with pEXFClO was cultured in 
the same medium supplemented with 20 pg/ml of chloram- 
phenicol in place of ampicillin* 

After the culturing, each cultured broth was 
subjected to an osmotic shock method (C. Kato et al., 

10 supra) to separate it into an extracellular fraction, a 
periplasmic fraction, and an intracellular fraction. 
More specifically, the cultured broth was centrif ugated 
to obtain cultured cells and a supernatant, which was 
designated as an extracellular fraction. Next, the 

15 cells thus collected were washed with a physiological 

saline, the washed cells were suspended in a 25% sucrose 
aqueous solution containing 1 mM EDTA, and the suspension 
was shaken for 10 minutes at 37**C. The suspension was 
centrif ugated to collect the cells, which were then 

20 r-esuspended in ice-cooled water, and the suspension was 
shaken at 4**C for 10 minutes. To the suspension, the 
same volume of 0.1 M phosphate buffer (pH 7.0) was 
added. The mixture was centrif ugated to separate cells 
frcm the supeamatant, which was designated as the peri- 

25 plasmic fraction. The separated cells were suspended in 
a '0105 M phosphate buffer (pH 7.0), and the cells were 
disrupted by ultrasonic waves . The treated suspension 
was centrifugated to eliminate cell debris from the 
supernatant, which was designated as an intracellular 

30 fraction. 

An aliquot of each fraction was acetone-dried , and 
60 mM Tris-HCl buffer (pH 6.8), 2% SDS, 4% '2-mercapto- 
ethanol, and 10% glycerol was added to the dried product. 
The mixture was then subjected to SDS-polyacrylamide gel 

35 electrophoresis (Suzuki, Iden, 31, 43, 1977) . The gel 
concentration of separation gel was 12.5%, and the 
migration buffer was SDS-Tris-glycine buffer (U.K. 
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Xaenunlir Nature , 227 , 680 (1970)). After the electro- 
phoresis/ proteins in the gel were electrophoretically 
transferred to and adsorbed on a nitrocellulose filter 
in a buffer containing 25 mM Tris, 192 iriM glycine 
(pH 8.3) and 20% methanol to carry out Western blotting. 

The nitrocellulose filter on which proteins has 
been adsorbed was soaked » in' PBS buffer containing 5% 
bovine serum albumin for 60 minutes, and then the human 
immunoglobulin G Fc region protein was specifically 
stained by an indirect method using, as a primary 
antibody, a rabbit anti^human IgG-Fc component antiserum 
(Cappel) employing an Iromun*-Blot assay kit (Bio Rad) . 
The results are shown in Fig. 23. 

In this confirmation procedure, a native human 
immunoglobulin G Fc region protein prepared by the 
procedure described hereinafter in the Reference Example 
was electrophoresed on the same SDS-polyacrylamide gel 
in parallel with the test samples, and the density of 
bands from test samples was compared with the density of 
the band of a known amount of the authentic (natural) 
sample to determine the amount of the former. 

As seen from Fig. 23, when E« coli transformed with 
Fc region intracellular accumulation type plasmid pFC362 
was cultured, the Fc region protein was localized in the 
intracellular- fraction. On the other hand, when E. coli 
transformed with periplasmic transportation type plasmid 
pPS-FC was cultured, the Fc region protein was trans- 
ported into the periplasmic space; and when E. coli 
trans foinned extracellular secretion type plasmid pEXFClO 
or pEXFClOO was cultured, the Fc region protein was 
extracellular ly secreted. 

On the other hand, an aliquot of the above-mentioned 
extracellular fraction prepared by using an extracellular 
secretion type plasmid was acetone-dried, and 60 mM 
Tris-HCl (pH G.8), 2% SDS and 10% glycerol was added to 
the dried product, and the mixture was subjected to 
SDS-polyacrylamide gel electrophoresis (gel concentration 
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12.5%). 

According to the same procedure as described above, 
the humaft inununoglobulin G Fc region protein was specifi- 
cally stained. For comparison, a native human immuno-^ 
globulin G Fc region protein prepared in the Reference 
Example was treated in parallel. The results are shown 
in Fig. 24. , 

As seen from Fig. 24, the Fc region protein secreted 
^' co3-i HBlOl transformed with the Fc region protein 
extracellular secretion type plasmid pEXFClO mainly 
comprises a dimer protein formed by disulfide bonds 
similar to the native Fc region protein. 

Example 21. Purification of secreted Fc region 
protein 

Three ml of an activated affinity carrier, 
Affigel 10 (Bio Rad) and 6.2 mg of an affinity-purified 
sheep anti-human IgG-Fc component antibody (Kappel) were 
coupled in 0.1 M MOPS buffer (pH 7.5; Nakarai Kagaku 
Yakuhin, Japan) to prepare an affinity column for 
purification of the Fc region protein. After coupling 
at 4«»C for 2 hours, 40% of .the sheep anti-human IgG-Fc 
component antibody used was immobilized onto the carrier. 

An aliquot of the extracellular fraction prepared 
in Example 20 from culture of E. coli HBlOl transformed 
with Fc region protein extracellular secretion type 
pl'a^mid pEXFClO was passed through the above-prepared 
affinity column to adsorb specifically the Fc region 
protein on the column. The column was sufficiently 
washed with a PBS buffer (100 mM phosphate buffer, 
pH 7.4, and 140 mM NaCl) , and 20 mM phosphate. buffer 
(pH 7.4) containing 500 mM NaCl, and then a 0.1 M 
glycine-HCl buffer (pH 2.3) was passed through the 
column to elute the Fc region protein. The eluted Fc 
region protein was dialyzed against water, and after 
lyophilization of the dialyzate, the product was sub- 
jected to SDS-acrylamide gel electrophoresis (gel 
concentration 12.5%). After the electrophoresis. 
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protein bands in the gel were stained with a silver 
stain reagent (Daiichi Kagaku Yakuhin, Japan) , and it 
was confirmed that the Fc region protein extracellularly 
secreted from E. coli was obtained at a purity of mors^ 
than 98%. 

Example 22. Analysis of secreted Fc region protein 
The purified Fc region protein preparation prepared 
as described in Example 21 was analyzed for an amino- 
terminal amino acid sequence using a gas phase protein 
sequencer (Applied BiochemicalS/ Model 4 70 A) , and the 
following aaaino acid sequence: 

H2N-Ser-Thr- ( ) -Pro-Pro- ( )-Pro 

was shown. This result shows that the penicillinase 
signal peptide was correctly processed during the 
secretion. 

Moreover, the secreted and purified Fc region 
protein preparation was hydrolyzed in 6 N HCl containing 
2% thioglycolic acid at 110*^0 for 22 hours , and the 
hydrolysate was analyzed for amino acid composition 
using an amino acid analyzer (Hitachi 835) . The results 
axe shown in the following table. 



- 49 - 



0234592 



Calculated Pound 

Amino acid , ,..•,-» 
(Mol %) (Mol %) 



Asn/Asp 8.93 8.84 

Thr 6.70 6.16 

Ser '9.36 8.82 

Gln/Glu 11.16 11.83 

Gly 4.46 5 . 12 

Ala 3.12 3.59 

• Val 10.27 9.45 

Cys 2.68 2.57 

Met 1.34 1.41 

He 1.79 1,88 

Leu 7.59 7,84 

Tyr 4.02 4.07 

Phe 3.12 3.22 

Lys 8.48 8.66 

His 2.68 2.73 

Arg 2.68 2.73 

Pro 9.82 9.65 

Trp 1.79 1.33 



Total 



100.00 100.00 



• * - • • • • » 

: •0234592 

- 50 - 

It was found that the amino acid composition exactly 
conforms to that calculated from the nucleotide sequence 
of the Pc region gene, revealing that the Pc region 
protein secreted from E> coll has the Intended amino ^ 
5 acid secfuence* Moreover/ because the molecular weight 
of the Fc region protein produced by E> coll is lower by 
about 5000 Dalton than that of the native Pc region 
protein, as shown in Fig^ 23, it is speculated that the 
Fc region protein produced by E> coll has not been 
10 glycosylated^ 

Reference Example Preparation of native hviman 

immunoglobulin G Fc region 
protein 

0.3 g of human immunoglobulin G (Sigma), 17.5 mg of 

15 cysteine, and 7.2 mg of EDTA* 2Na were dissolved in a PBS 
buffer (see Example 21) ^ the solution was added with 
150 yg of papain (Sigma Type IV) , and allowed to stand 
for 7 hours at 37 ®C. The papa in- treated IgG was applied 
on a gel filtration column containing Sephadex G— 200 

20 super fdLne gel equilibrated with PBS buffer to separate 
the Fc region protein and Fab region protein, both 
generated by the papain treatment ,w from intact IgG, An 
aqueous solution containing the Pc region protein and 
Fab region protein thus obtained was dialyzed against 

25 water, and the dialyzate was lyophilized. The lyophi- 
1/zed product was then applied to DE52-pEAE cellulose 
(Whatman) column for ion exchange chromatography. The 
column was washed with a 10 mM phosphate buffer (pH 7.4) 
to completely elute the Fab region protein, and then the 

30 Pc region protein was eluted by a linear gradient 

elution with from 0 mM to 3 50 mM NaCl in a 10 mM phos- 
phate buffer (pH 7.4), Finally, dialysis and lyophili- 
zation were carried out as described above to obtain a 
natural type human immunoglobulin G Pc region protein. 
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CLAIMS 

1. A plasraid containing a DNA region coding for a 
human immunoglobulin G Fc region protein, a DNA region 
exhibiting a promoter function for controlling express-ion 
of said protein, and a DNA region coding for a signal 

5 peptide. 

2. A plasmid according to claim 1 wherein said 
DNA region coding for said human immunoglobulin G Pc 
region protein contains at least a DNA region coding for 
a peptide having the following amino acid sequence: 

Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu 



Leu 


Gly 


Gly 


Pro 


Ser 


Val 


Phe 


Leu 


Phe 


Pro 


Pro 


Lys 


Pro 


Lys 


Asp 


Thr 


Leu 


Met 


He 


Ser 


Arg 


Thr 


Pro 


Glu 


Val 


Thr 


Cys 


Val 


Val 


Val 


Asp 


Val 


Ser 


His 


Glu 


Asp 


Pro 


Glu 


Val 


Lys 


Phe 


Asn 


Trp 


Tyr 


Val 


Asp 


Gly 


Val 


Glu 


Val 


His 


Asn 


Ala 


Lys 


Thr 


Lys 


Pro 


Arg 


Glu 


Glu 


Gin 


Tyr 


Asn 


Ser 


Thr 


Tyr 


Arg Val 


Val 


Ser 


Val 


Leu 


Thr 


Val 


Leu 


His 


Gin 


Asp 


Trp 


Leu 


Asn 


Gly 


Lys 


Glu 


Tyr 


Lys 


Cys 


Lys 


Val 


Ser 


Asn 


Lys 


Ala 


Leu 


Pro 


Ala 


Pro 


He 


Glu 


Lys 


Thr 


He 


Ser 


Lys 


Ala 


Lys 


Gly 


Gin 


Pro 


Arg 


Glu 


Pro 


Gin 


Val 


Tyr 


Thr 


Leu 


Pro 


Pro 


Ser 


Arg 


Glu 


Glu 


Met 


Thr 


Lys 


Asn 


Gin 


Val 


Ser 


Leu 


Thr 


Gys 


Leu 


Val 


Lys 


Gly 


Phe 


Tyr 


Pro 


Ser Asp 


He 


Ala 


Val 


Glu 


Trp 


Glu 


Ser 


Asn 


Gly 


Gin 


Pro 


Glu 




Asn 


Thr 


Lys 


Thr 


Thr 


Pro 


Pro 


Val 


Leu 


Asp 


Ser 


Asp 


Gly 


Ser 


Phe 


Phe 


Leu 


Tyr 


Ser 


Lys 


Leu 


Thr 


Val 


Asp 


Lys 


Ser 


Arg 


Trp 


Gin 


Gin 


Gly 


Asn 


Val 


Phe 


Ser 


Cys 


Ser 


Val 


Met 


His 


Glu 


Ara^ 


'Leu 


His 


Asn 


His 


Tyr 


Thr 


Gin 


Lys 


Ser 


Leu 


Ser 


Leu 


Ser 



Pro Gly Lys 

3. A plasmid according to claim 1, wherein said 
DNA region exhibiting said promoter function is derived 
from chromosomal DNA of an alkalophilic Bacillus strain 

30 No^ 170. . 

4. A plasmid according to claim 1, wherein said 
DNA region coding for said signal peptide is derived 
from chromosomal DNA of said alkalophilic Bacillus 
strain No. 170. 

35 5. A plasmid according to claim 1, wherein said 

plasmid is a plasmid pPS-FC. 



52 



0234592 



6. Microbial celle transformed with a plasmld 
according to claim 1. 

7» Microbial cells according to claim 6 which are 
of the genus Escherichia , 

8. Microbial cells according to claim 7 which are 
of Escherichia coli HBlOl. 

9. A process for production of human immunoglob- 
ulin G Fc region protein/ comprising culturing said 
microbial cells according to claim 6 until the protein 
accumulates in a a periplasmic space, and recovering 
said human immunoglobulin G Pc region protein from the 
periplasmic space. 

10. A process according to claim 9 wherein said 
microbial cells are of the genus Escherichia , 

11. A process according to claim 10 wheredLn said 
microbial cells are of Escherichia coli HBlOl. 

12* A plasmid containing: 

(a) a DNA fragment comprising a DNA 
region coding for human immunoglobulin G Fc region 
protein^ a DNA region exhibiting a promoter function for 
controlling expression of said protein, and a DNA region 
coding for a signal peptide; and 

(b) a DNA fragment comprising a DNA 
region causing liost cells to facilitate extracellular 
secretion of said protein, and a DNA region exhibiting a 
pifomoter function for controlling expression of said DNA 
region, 

13- A plasmid according to claim 12 wherein the 
DNA region coding for human immunoglobulin G Fc region 
protein contains at least a DNA region coding- for a 
peptide having the following amino acid sequence: 

Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu 
Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
Asp Thr Leu Met lie Ser Arg Thr Pro Glu Val Thr Cys Val 
Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn 
Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 
Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser 
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vax 


i*eu 


jinr 


vax 


Leu 


nXS 


GXn 


Asp 


Trp 


Leu 


Asn Gly Lys 


Glu 


TyjT 


Lys 


uys 


Lys 


vax 


Ser 


71 M M 

Asn 


Lys 


AX a 


Leu 


13 V" ^\ j& 1 A 

JrxO xxXci 


Pro 


lie 


GIU 


Lys 


Tnr 


xxe 


Ser 


Lys 


Ala 


Lys 


GXy 


Gin 


Pro Arg 


Glu 


Pro 


Gin 


Val 


Tyr 


Tnr 


Leu 


Pro 


Pro 


Ser 


Arg 


Glu 


Glu Met 


Thr 


Lys 


Asn 


Gin 


Val 


Ser 


Leu 


Thr 


Cys 


Leu 


Val 


Lys 


Gly Pne 


Tyr 


Pro 


Ser 


Asp 


lie 


Ala 


Val 


Glu 


Trp 


Glu 


Ser 


Asn 


Gly Gin 


Pro 


Glu 


Asn 


Asn 


Thr 


Lys 


Thr 


Thr 


Pro 


Pro 


Val 


Leu 


Asp Ser 


Asp 


Gly 


Ser 


Phe 


Phe 


Leu 


Tyr 


Ser 


Lys 


Leu 


Thr 


Val 


Asp Lys 


Ser 


Arg 


Trp 


Gin 


Gin 


Gly 


Asn 


Val 


Phe 


Ser 


Cys 


Ser 


Val Met 


His 


Glu 


Ala 


Leu 


His 


Asn 


His 


Tyr 


Thr 


Gin 


Lys 


Ser 


Leu Ser 


Leu 


Ser 


Pro 


Gly 


Lys 
























14- 


A 


plasmid 


according to claim 12 wherein said 



DNA region exhibiting the promoter function for 
controlling the expression of said protein is derived 
15 from chromosomal DNA of alkalophilic Bacillus strain 
No. 170* 

15. A plasmid according to claim 12 wherein the 
DNA region coding for a signal peptide is derived from 
chromosomal DNA of alkalophilic Bacillus strain No. 170, 

20 16. A plasmid according to claim 12 wherein the 

DNA region causing host cells to facilitate the 
extracellular secret-ion of the protein is derived from 
plasmid pMB9» 

17* A plasmid according to claim 12 wherein the 

25 DNA region exhibiting the promoter function for 

controlling the expression of the DNA region in item (b) 
of claim 12 is derived from chromosomal DNA of 
alkalophilic Bacillus strain No. 170* 

18. A plasmid according to claim 12, wherein said 
30 plasmid is a plasmid pEXFClO. 

19. A plasmid according to claim 12, wherein said 
plasmid is plasmid pEXFClOO. 

20. Microbial cells transformed with a plasmid 
according to claim 12. 

35 21. Microbial cells according to claim 20 which 

are of the genus Escherichia . 

22. Microbial cells according to claim 21 which 
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are of Escherichia coll HBIOI. 

23^ A process for production of human immunoglob- 
ulin G Fc region protein comprising culturing microbial 
cells according to claim 20 until the protein accumulates 
5 outside the cells, and recovering the human immunoglob- 
ulin G Pc region protein from the cultured broth. 

24. A process according to claim 23 wherein the 
microbial cells are of the genus Escherichia . 

25. A process according to claim 24 wherein the 
10 microbial cells are of Escherichia coll HBIOI. 
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